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Executive Summary 
 
This report presents findings from a detailed examination of office buildings and their individual 
levels of energy consumption and C02 emissions based on five year time frames (2005, 2010, 
2015 and 2020).  The research profiles the energy efficiency of the office stock located in the 
central business district (CBD) of a global city and has been prepared at the request of the RICS 
(Royal Institution of Chartered Surveyors) Education Trustees.  It focuses on quantifying carbon 
dioxide reductions resulting from measures that can be made during in the ‘in-use’ or 
‘operational’ phase of office buildings and the respective roles played by surveyors and property 
professionals in this process.  Clearly there are a wide range of surveyors who already are, but 
many more who readily could be, involved in such work including development surveyors, 
valuation surveyors, building surveyors, facility managers, quantity surveyors and construction 
surveyors.  At the same time the link between the built environment, fossil fuel consumption and 
climate change has been firmly established where greenhouse gases emitted over the last 150 
years have increased global mean temperatures by 0.6 degrees Celsius.  Climate change 
projections indicate that unless global greenhouse emissions are substantially reduced, by 2070 in 
Australia, Victoria’s mean temperature could increase by 5 degrees Celsius (CSIRO, 2005).  
Similar predictions relating to temperature changes for other countries have been increasingly 
discussed in the media, although the varying extent of the impact on individual countries and 
cities will vary (IPCC, 2001).  In developed countries buildings offer considerable scope for 
meeting emission reduction targets through increased energy efficiency (BRE, 1996).  
Surprisingly 12% of all greenhouse gas emissions in Victoria, Australia are derived from 
commercial buildings (DSE, 2005).  To conduct a detailed analysis the CBD of Melbourne, 
Australia was selected as typical of a global city.  The research conducted a detailed analysis of 
every office building located in the CBD and examined variables such as size, number of 
employees, occupancy levels, visual appearance, and the age of each building, which in turn were 
used to calculate levels of energy consumption and carbon emissions.  Rather than using a small 
sample of buildings designed to represent all buildings, this research analysed all buildings to a 
high level of detail and produced five (5) key findings, with accompanying recommendations 
included in the report. 
1. Emissions from office buildings will increase in the future if no action is taken. 
2. The level of emissions is closely linked to the amount of office space per worker. 
3. Higher energy use and CO2 emissions are positively associated with smaller 
buildings. 
4. As office buildings increase in age, energy use and CO2 emissions increase 
dramatically. 
5. Increased occupancy levels of CBD office buildings are linked to lower energy use 
and lower CO2 emissions 
After analysing four (4) alternative scenarios based on (a) no change, (b) minor change, (c) 
intermediate change or (d) major change, it was recommended that the (c) intermediate change 
scenario should be adopted - this course of action incorporated a transition period and included 
increasing ‘green power’, increasing the number of employees per buildings as well as reducing 
electricity and gas consumption.  It was concluded that the real estate industry and wider property 
market should adopt a proactive stance towards office buildings and climate change, which at 
times is stifled by lack of education and perception concerning the long term benefits of energy 
efficient office buildings.  Fully embracing and taking action based on the findings of this report 
will ensure that stakeholders and property professionals are genuine in their efforts to address this 
global dilemma as opposed to simply agreeing that a problem exists but it remains too difficult to 
address.  To date there has been much debate and promotion of policies to encourage the uptake 
of sustainability practices within the property sector, however this report concludes that 
immediate action is needed if targets are to be met. 
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SECTION 1  Introduction 
 
1.1 Introduction  
 
This report has been prepared at the request of the RICS (Royal Institution of Chartered 
Surveyors) Education Trustees and presents the findings of research profiling the energy 
efficiency of the office stock located in a central business district (CBD).  To achieve this goal the 
CBD of Melbourne, Australia was selected as typical of a global city.  The research conducted a 
detailed analysis of every office building located in the CBD and examined variables such as size, 
number of employees, occupancy levels, visual appearance, and the age of each building, which 
in turn were used to calculate carbon emissions.  Rather than using a sample of buildings 
designed to represent all buildings, this research analysed every office building to a high level of 
detail.  Accordingly, the results are reliable and give an invaluable insight into CBD office 
buildings and climate change. 
 
Following the introduction, an outline of the scope and limitations of this research are presented.  
The report is divided into four main sections and commences with a review establishing the key 
issues, context and rationale relating to energy efficiency in CBD office stock.  The following 
section on data collection details how the sample was selected and the rationale behind the 
modelling and scenario forecasting techniques used in this research.  The third section presents 
the data analysis and findings and outlines four scenarios:  
(i) A business as usual (BAU) or no change approach; 
(ii) A minor change approach; 
(iii) A major change approach to demonstrate the reductions in total carbon dioxide emissions 
that may be produced by this sector; and 
(iv) An intermediate approach that commences with an induction period follow by elements 
of both a minor change and major change. 
 
Finally the overall conclusions and recommendations section of the report present the key 
findings of the research and areas identified for further investigation.  
 
1.2  Background and rationale behind real estate investment 
 
Real estate or property is considered a growth asset with two primary forms of income.  Firstly, 
capital growth is anticipated due to the interaction of supply and demand factors where land supply 
is limited and the structure itself is a hedge against inflation.  Secondly, property owners receive a 
regular dividend in the form of rent from tenants who are leasing space in their building.  
Nevertheless all forms of property are affected, and at times adversely, by varying degrees of 
obsolescence which in turn case cause depreciation or a decrease in value to occur (Reed and 
Robinson, 2002).  Depreciation and obsolescence are unavoidable and can have an adverse effect in 
determining the assessing the levels of risk associated with a building, which in turn decreases the 
overall capital value of a building.  However, if the rate of depreciation and obsolescence can be 
slowed due to less risk then the inevitable decrease in the overall capital value can be reduced.  It is 
important to acknowledge that improvements in energy efficiency can seemingly achieve this goal 
as well as embracing sustainable practices, which in turn assist to address climate change. 
The structure of the commercial property market is such that inherent barriers to energy 
efficiency exist.  A substantial proportion of the office stock is owned by institutional investors 
who are unconvinced by the need to improve their stock and pass on running costs to tenants 
(Callender and Key, 1997).  Capital values have not been adversely affected by the amount of 
energy efficiency within a building and owners have reacted by doing little or nothing to improve 
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their property, though recent research indicates this may be changing (RICS, 2005).  Other 
barriers include poor information and professional conservatism (Scrase, 1999) or ignorance; the 
effect is to limit energy efficiency investment and undermine efforts to deliver energy efficiency 
in the sector.  In efforts to improve energy efficiency, many previous and existing Government 
lead programmes have focused on the domestic sector that is characterised by a large proportion 
of owner occupiers who have a vested interest in maintaining the capital value and condition of 
the property (Scrase, 2001).  Consequently, a gap in research exists in the area of office buildings 
and energy efficiency that this project has addressed. 
This research investigates climate change and office buildings.  It focuses on quantifying carbon 
dioxide reductions resulting from measures that can be made during in the ‘in-use’ or 
‘operational’ phase of office buildings and the respective roles played by surveyors and property 
professionals in this process.  There are a wide range of surveyors who already are, but many 
more who readily could be, involved in such work including development surveyors, valuation 
surveyors, building surveyors, facility managers, quantity surveyors and construction surveyors.  
If, as a profession, surveyors have access to reliable information and a commitment to advise 
relevant stakeholders about the social, economic and environmental benefits of energy efficiency, 
the profession can make a substantial contribution to mitigate climate change.  Professional 
bodies need to provide members with best practice information to enable those members to offer 
strategic professional advice with confidence.  Accordingly, this research provides such best 
practice guidance regarding measures building owners can consider during the refurbishment and 
operational phase of existing office stock to reduce carbon emissions.  
Professionals make a difference and previous research showed that when surveyors advise clients, 
clients generally listen to and heed advice.  However, that advice needs to be given.  There is a 
slow change occurring in the business world where corporate social responsibility (CSR) and 
Environmental Management Systems (EMS, ISO 14000) are being adopted by an increasing 
number of companies.  Thus it appears that organisations will be more receptive to the CSR and 
EMS with asset benefits derived from improving energy efficiency.  There is substantial potential 
for the surveying profession, especially from a global perspective, to make a meaningful 
contribution to mitigating climate change through improving the energy efficiency of the existing 
property stock during the property life cycle.  This forms the foundation for conducting this 
research. 
 
Why select Melbourne for this research?  There were two primary reasons, with the first related 
to greenhouse gas emissions levels.  Chief Scientist of Australia, Dr Robin Batterham argued that 
Australia has to move to a position where deep reductions in carbon dioxide emissions are made, 
somewhere in the order of 50% by 2050 (Australian Financial Review, 2004).  Major 
technological advances, as well as changes in behaviour and practices are necessary to deliver 
these cuts and action is needed immediately.  Victoria’s greenhouse gas emissions were 117.0 
million tonnes in 2002, more than the total emissions of many industrialised nations with 
substantially higher populations such as Austria, Hungary, Portugal, and Switzerland (DSE, 
2005).  Furthermore, this figure represented an increase of 9.9% over previous 1990 levels.  At 24 
tonnes per capita emissions for Victoria and 28 tonnes per capita emissions for Australia as a 
whole, per capita emissions are higher in Melbourne than for any other developed country 
including the United States.  The carbon footprint for Melbourne in 2004 was 59.6 Million 
Tonnes CO² emissions (The Climate Group, 2006).  Subsequently, reductions in greenhouse gas 
emissions are a priority.  Metropolitan Melbourne is the largest urban centre in Victoria with a 
population in excess of 3.5 million residents.  Paradoxically, Melbourne is ranked second in the 
world’s most liveable cities, although clearly it may not continue to enjoy such a status if 
greenhouse gas emissions are not reduced.  The Victorian government stated that programmes are 
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required ‘to drive substantial improvements in energy efficiency’ (DSE, 2005).  Regardless of the 
increasing need to address climate change and greenhouse gas emissions, the increases in 
greenhouse gas emissions recorded in Melbourne are replicated in other westernised countries 
such as Canada, the US and the UK despite the rhetoric of energy efficiency the trends show 
increasing consumption and emissions. 
Second, with a population of approximately 3 million residents Melbourne is widely 
acknowledged as a global city containing a stock of CBD office properties similar to those in 
other global cities such as London, Toronto, and Hong Kong.  Therefore this research is 
applicable and transferable to other global cities and can be seen as a blueprint for policy 
formation with regard to city-wide carbon dioxide reductions. The CBD is of particular relevance 
because most major westernised cities have a central business district, referred to as ‘downtown’ 
in the US, often with an aging stock of high rise buildings (Jones Lang LaSalle, 2005).  There are 
other implications from central business districts with a higher density of office buildings, with 
many having contributed to the provision of a poorer environmental quality for city workers and, 
increasingly, city dwellers.  As cities expand, improving the quality of the CBD stock is 
important for all stakeholders, investors, occupiers, policy makers and society at large. 
 
 
Table 1.  Photographs of Melbourne CBD office buildings. 
 
    
 
 
    
(Source: Google images. www.google.com , 2005) 
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1.3 Scope and Limitations  
 
The scope of the research is embodied in the research aims listed below. 
1. Profile the existing office stock in a global CBD, such as Melbourne, in terms of energy 
consumption and efficiency. 
2. Undertake scenario planning to examine the impact of various improvements to the stock  
based on five year time frames (2010, 2015 and 2020). 
 
The main challenges or limitations that affected this research included the following: 
 
1. Gaining access to the entire research population, building owners and facility managers 
involved in the sale, leasing and management of CBD office property; 
2. The relatively short time frame for the entire research project (July 2005 to January 2006) 
in respect of information gathering and arranging stakeholder meetings; 
3. Apparent reluctance of building owners to divulge information relating to energy 
consumption about specific buildings; 
4. Barriers to incorporating other factors into this report.  For example, “it is impossible to 
accurately estimate emissions and intensities at a finer level than the whole State (e.g. for 
Melbourne, or for worktrips as distinct from travel for other purposes), without access to 
an internally consistent data set – i.e. where VKT, vehicle occupancies and fuel 
consumption are surveyed or recorded at the same time” (p.80, Wilkenfeld, 2002).  
Furthermore, “even at the whole State level, greenhouse emissions and intensities 
(emissions per VKT or per passenger-km) are subject to a high level of uncertainty, since 
they are calculated using a number of different data sets which are not necessarily 
consistent” (p.80, Wikenfeld, 2002).  In other words, this research project was unable to 
examine data relating to transport to and from office buildings due to concerns over the 
validity and reliability of this information.  Therefore the emphasis was placed on the 
energy consumption and C02 emissions of the buildings as per the initial brief. 
 
Studies into energy efficiency often examine factors that relate to the consumption and emission 
of C02, however there are other aspects of energy efficiency that would be evaluated if additional 
resources, especially time, were available.  Two of these additional aspects are (a) embodied 
energy and (b) transport energy, which both require more attention than was possible to allocate 
in this research.  Although preliminary investigations into these areas were undertaken during this 
research, this report does not include direct reference to these areas.  Nevertheless these areas will 
be incorporated into further research in this area. 
 
This research evaluated the impact of green power in the reduction of CO2 emissions.  However 
the scope of this report restricted the attention placed on micro-generation of energy even though 
it is considered to be an emerging and important element of energy efficiency.  Clearly further 
research in this area is recommended to identify the potential savings that can be made to the 
existing office stock. 
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SECTION 2  Climate, Energy and Office Buildings 
 
The link between the built environment, fossil fuel consumption and climate change was made 
quickly.  Greenhouse gases emitted over the last 150 years have increased global mean 
temperatures by 0.6 degrees Celsius and climate change projections indicate that unless global 
greenhouse emissions are substantially reduced by 2070 Victoria’s mean temperature could 
increase by 5 degrees Celsius (CSIRO, 2005).  Similar predictions relating to temperature 
changes for other countries have been increasingly discussed in the media, although the varying 
extent of the impact on individual countries and cities will vary (IPCC, 2001).  
 
In developed countries buildings offer considerable scope for meeting emission reduction targets 
through increased energy efficiency (BRE, 1996).  In Victoria, 12% of all greenhouse gas 
emissions are derived from commercial buildings (DSE, 2005).  For many it is surprising that 
buildings are substantial greenhouse gas emitters; producing more greenhouse gases than all the 
cars on Australian roads (Australian Building Codes Board (ABCB), 2001).  CO² emissions can 
be reduced by introducing filters to power generation plants, though there is no reduction of 
energy consumption.  On the other hand improving a building’s energy efficiency directly results 
in reduced consumption, costs to the user, and reduces a nation’s CO² emissions to help fulfil 
international commitments such as the ‘Kyoto Protocol’.  Previous research concluded that 
although readily available means of reducing energy consumption in buildings currently exist and 
are readily available, the ‘business as usual scenario’ will not deliver sufficient reductions to meet 
the ‘Kyoto Protocol’ (Australian Greenhouse Office (AGO), 1999; ABCB, 2001) or an acceptable 
level of CO² emissions.  In other words, steps need to be taken to be done to promote wider 
acceptance and uptake of measures to reduce CO² emissions from the built environment, and it 
appears there is major scope for improving the energy efficiency of Victoria’s existing stock 
(DSE, 2005). 
 
Much research has focused on the technical ways in which reductions of carbon dioxide emissions 
may be achieved while other studies (Fisk and Rosenfeld, 1998) set out the social and economic 
benefits of sustainable construction.  The general argument is that energy efficient buildings cost 
less to operate and have better internal environments for occupants, leading to healthier buildings 
that contribute to mitigating climate change (Scrase, 2001).  Despite awareness of the need for 
conservation, consumption is increasing particularly in the office sector where CO² emissions are 
relatively high due to high electricity demand for heating, cooling and lighting (Scrase, 2001).  
Current predictions are that the Australian commercial building sector is expected to increase its 
greenhouse gas emissions from 32Mt of carbon dioxide (CO²) per annum to 63 MT between 1990 
and 2010 under a business as usual scenario (AGO, 1999, DSE, 2005).  Under this scenario 
Australian emissions would substantially exceed targets established in the ‘Kyoto Protocol’.  The 
Australian position is that, although not a signatory to the ‘Kyoto Protocol’, Australia is taking 
some action to limit its increase of greenhouse gas emissions to 108% of their 1990 level by 2008-
2012.   
 
Electricity in Australia accounts for the largest source of energy in the commercial buildings sector 
at 65%, followed by gas at 25%, petroleum products at 7%, and coal at 3%.  Notably the majority of 
Australian electricity is derived from brown coal, being the highest emitter of greenhouse gases.  
However because electricity results in largest CO² emissions then it results in 89% of the total 
greenhouse gas emissions.  On the other hand, gas accounts for only 7% of total emissions.  Clearly 
substantial reductions could occur if Australian commercial buildings switched from electricity to 
gas as a source of energy, however current predictions do not foresee this shift in energy use before 
2010 and consequently the emission levels are predicted to double. 
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The physical characteristics of buildings play an important part in their inherent energy 
efficiency.  For example, building envelope performance has a substantial impact on the heating, 
cooling and lighting requirements for commercial buildings (AGO, 1999).  For example, 
lightweight curtain walling with little or no thermal insulation will have very poor thermal 
performance. In contrast a heavyweight external envelope with insulation will have better thermal 
performance leaking less energy.  There is agreement that improvements in the thermal, 
daylighting and natural ventilation performance of commercial building envelopes will reduce 
greenhouse gas emissions (Moss, 2006).  New construction has higher levels of thermal 
efficiency than any previous period and this has been achieved through improved standards in 
building and construction codes and regulations (HMSO, 2004. BCA, 2005).  In 2006 Australia 
will introduce mandatory standards for energy efficiency in commercial property, which are 
inline with global standards (BCA, 2005).  These improvements will deliver a building stock with 
higher levels of energy efficiency.  However as Boardman (1991) demonstrated in the UK , the 
replacement of the existing stock of properties is so relatively slow and consequently it will take 
hundreds of years to bring all the stock up to existing standards of energy efficiency.  Currently in 
Melbourne the replacement rate for office stock is less than 3% per annum (Jones Lang LaSalle, 
2005). 
 
When the proportions of energy use and greenhouse gas emissions are examined in the Australian 
commercial building stock, figures showed that heating was the largest single end use at 33% but 
is fourth largest with respect to greenhouse gas emissions.  Cooling, lighting and ventilation 
increase in importance when greenhouse gas emissions are calculated and collectively account for 
71% of total emissions.  However, the actual proportion applicable to a specific building may 
vary considerably from the average.  Due to diverse climates in different countries ranging from 
below freezing temperatures to hot and humid regions, overall the breakdown of specific 
operational energy applications principally responsible for greenhouse gas emissions are cooling 
(28%), air handling (22%), lighting (21%) and heating (13%).  Heating, ventilation, air-
conditioning and lighting collectively account for 84% of commercial building sector greenhouse 
gas emissions - clearly it is in these areas that the opportunity to reduce emissions lay (AGO, 
1999).  Australia is a large continent incorporating eight climatic zones and the breakdown of 
emissions related to specific operational use will vary across the climatic zones.  Table 2 shows 
the breakdown for the sector in end use and greenhouse emissions.  Clearly the potential for 
reducing greenhouse gas emissions lies in tackling demand and usage in these areas.  
 
Table 2.  Breakdown for the building sector in end-use and greenhouse gas emissions. 
 
Use Energy share by end use (rank in 
brackets) 
Greenhouse gas emission share 
by end use (rank in brackets) 
Heating 33 (1) 13 (4) 
Cooling 21 (2) 28 (1) 
Ventilation 16 (3)  22 (2) 
Lighting 15 (4)  21 (3)  
Office equipment & 
other 
9   (5) 12 (5) 
Cooking & hot water 6   (6)   4 (6) 
(Source: AGO, 1999). 
 
Within the buildings sector how is greenhouse gas emission apportioned amongst different 
groups?  In Australia figures revealed the largest consuming sub-sector to be public 
administration and commercial services with 36% of total emissions.  Following closely was the 
retail and wholesale sector accounting for 32% of emissions.  The finance and business sector 
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ranked third at 17%, followed by recreation sector at 11%, and finally communications sector at 
4% of total emissions.  When all building types are considered, the largest single source of 
greenhouse gas emissions in buildings is from offices and therefore this sector has the potential to 
make substantial emission reductions.  In order to deliver sustainability and meet ‘Kyoto 
Protocol’ and other targets, it is clear that efforts to reduce emissions of the office sector are 
required.  
 
2.1 Melbourne CBD and office refurbishment  
 
Within Melbourne, the CBD office property market comprises of various regions known as;  
• ‘Western core’; 
• ‘Eastern core’; 
• ‘Flagstaff’; 
• ‘Civic’; 
• ‘North eastern’; 
• ‘Spencer’; and 
• ‘Docklands’. 
 
Other office property is located in three other precincts referred to as ‘St Kilda Rd’, ‘Southbank’ 
and ‘suburbs’. Notably this research focuses on the CBD area above but excludes the newer areas 
of Docklands as the majority of the office stock is extremely new, having been completed within 
the last 5 years and not requiring refurbishment in the short to medium term. The total stock 
comprises 3,383,709 square metres in July 2005 (CBRE, 2005). 
 
Office buildings require a major refurbishment every 20 -25 years although in the past many 
Australian owners have opted for a series of minor refurbishments to lower the capital expenditure 
outlay and avoid access problems (Jones Lang LaSalle, 2005).  The drivers of refurbishment are 
reducing vacancy rates, improving rental levels, upgrading assets (such as from Grade B to Grade 
A), and mitigating against obsolescence; in essence the drivers are financial (Burton, 2001).  In 
Australia the Property Council of Australia (PCA) are a respected industry body representing 
building owners, and their role is varied including examining and reporting on market information, 
lobbying government on behalf of owners and providing expert influence on the market.   
 
There are similar organisations located in other countries, such as the British Council for Offices 
(BCO) in the UK and the Building Owners and Managers Association (BOMA) in the US.  To 
assist the marketplace with analysing office buildings, a National Office Quality Matrix has been 
developed by PCA that classifies stock according to a differential grading system. For example, 
Premium is the highest quality grade of office building followed by A Grade, B Grade, C Grade 
and D Grade.  In summary, Premium is considered a ‘landmark office building located in major 
CBD markets’, A Grade is a ‘high quality space’, B Grade is classified as ‘good quality space’, C 
Grade space is ‘older style with lower quality finish’ and D Grade is space of ‘poor quality’ (see 
Appendix B).  The following photographs show typical examples of the various PCA Grades in 
Melbourne.  
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Plate 1- Typical Premium Grade Building Melbourne. 
 
 
 
 
Plate 2 - Typical PCA Grade A Office Melbourne 
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Plate 3 - Typical PCA Grade B Office Melbourne 
 
 
 
 
Plate 4 - Typical PCA Grade C Office Melbourne 
 
 
(Source:  Cityscope, 2005)   
 
 10
This classification is fully integrated into the Australian office market and importantly it is 
considered typical of grading systems in other global cities.  Currently the PCA matrix is under 
review and the inclusion of an environmental rating component is likely to form part of the new 
benchmarking metrics for office space. 
 
Australian office markets are relatively mature and characterised by a relatively small proportion of 
new stock coming into the market annually.  In a similar manner to many global cities, the 
Melbourne market also has a stock of older properties and higher levels of refurbishment are needed 
for these properties, hence the scope for improvements to the energy efficiency of the stock is 
correspondingly higher.  For example, in Australia the average age of Melbourne CBD office stock 
is 31 years, Brisbane CBD 25 years and Sydney CBD 28 years. Furthermore the average age since 
construction or last refurbishment for Melbourne CBD is 17 years, Brisbane 13 years and Sydney 
19 years.  Many of the office buildings in Melbourne and Sydney were constructed before 1960 and 
require refurbishment to remain competitive and offer substantial scope in terms of improvements 
to energy efficiency (Jones Lang LaSalle, 2005). 
It is vital to examine existing stock (RICS, 1993), as work on and to existing buildings accounts 
for around 60% of all construction activity with less than 3% added to the overall stock annually 
(Jones Lang LaSalle, 2005).  Since 1995 refurbishments accounted for 60% of all completions in 
the Melbourne CBD (Jones Lang LaSalle, 2005) and replacement of the stock is relatively slow 
and gradual process.  Part J, Energy Efficiency, in the Building Code of Australia was introduced 
in 2005, and it can be argued that the overwhelming proportion of stock is relatively inefficient as 
a minimum standard of energy efficiency is new in the Australian regulations.  In other words, it 
is not possible to deliver sufficient reductions in CO² emissions to meet targets or realistically 
address climate change through reliance on building regulations.  Consequently the onus is on 
professionals, consultants and others who influence stakeholders to deliver the message that 
improving energy efficiency in the existing stock is vitally important. 
Refurbishment offers considerable potential for increasing energy efficiency during the entire 
building life cycle (Burton, 2001) and in the UK refurbishment “is virtually half gross 
expenditure on building” (Chandler 1991:167).  Refurbishment may be undertaken for various 
reasons: 
- to upgrade the property; 
- to attract new owners / tenants; or 
- as an alternative to demolition and new build (Burton, 2001). 
 
Factors that have to be taken into account are varied although usually include embodied energy, 
the quality of the internal environment and whole life cycle costs.  These factors are highly 
important factors that have can have an adverse effect on the overall sustainability of buildings, 
however it was not possible to consider the full effect from all influencing factors within the short 
time frame of this research.  There are other reasons to undertake refurbishment, such as being 
more cost effective and avoiding planning issues.  Although there is a convincing environmental 
and economic rationale for energy efficiency in refurbishment, much improvement is fortuitous 
(improvements in technology) or imposed (required by legislation) and the minimum to satisfy 
the building code (Croxton, 1994) rather than intentional (Cook, 1997).  Thus, research into office 
property in the CBD, energy efficiency and the scope for CO2 reduction is both extremely 
relevant and vital. 
 
AGO (1999) concluded voluntary measures in the commercial building sector have the potential to 
produce higher levels of abatement than any of the current Government led policies or measures, 
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such as the building regulations.  The primary reason is that in the commercial sector there were 
low levels of penetration and application in the marketplace of policies and Government measures.  
Voluntary measures that focused on cost benefits, such as short payback periods and reduced 
running costs, were likely to enjoy a higher uptake in the market.  The report also concluded the 
greatest opportunity for greenhouse gas emission abatement occurred in the area of lighting, which 
showed a potential reduction average of 70% of total emissions.  This conclusion is consistent with 
BRE (1997) findings in respect of the UK office sector.  Refurbished buildings can achieve 
reductions of 50% of greenhouse gas emissions on average, however, in order to maximise 
effectiveness the voluntary measures have to run alongside a programme of education and 
awareness raising.  
 
Priority areas for abatement of greenhouse gas emissions are perceived to be sectors such as public 
administration, community sector and retail.  For example, approximately 30% of the Melbourne 
office stock is taken by government and public bodies.  Other cities, such as Canberra in Australia 
or Ottawa in Canada, also incorporate high proportions of government or public sector tenants in 
their office markets and as such can exert a degree of influence on the local market.  The major 
building types that offered the most scope for abatement were offices and hospitals, which provided 
evidence the office sector is a valid area for abatement research.  For buildings a focus on reducing 
demand for electricity will result in the greatest levels of reductions.  The report concluded that 
equal priority should be given to new build and refurbishment as both offered the same potential for 
reductions however, it our view that most building activity occurs in the refurbishment and 
maintenance of the existing stock and that the emphasis should be placed on existing buildings.  
 
The refurbishment of offices is influenced by government, public administration and major 
corporate tenants who are seeking buildings that demonstrate environmentally sustainable 
principles.  For example, government tenants in Victoria will only lease buildings with 4.5 star 
ratings under the Greenstar system, and in New South Wales the figure is set at 3.5 stars.  Similarly, 
government lessees in Canada set strict requirements in respect of energy efficiency for the 
buildings they lease (NRC, 2005).  Furthermore, by 2007 Australian owners seeking to sell office 
buildings will have to disclose the energy consumption of the property to potential purchasers as 
part of the due diligence process.  It can be argued these measures will increase the pressure to 
provide energy efficient buildings.  
 
2.2 Energy rating issues 
 
In Australia since 2001, the Australian Building Greenhouse Rating (ABGR) system has been 
used to benchmark a building’s energy ratings and CO2 output.  The ABGR Scheme is a 'world 
first initiative' to help building owners and tenants to benchmark their greenhouse performance, 
with previous models being complex and difficult to understand by building owners.  The rating 
is based on a star scale from 1 (poor) to 5 (excellent) and factor such as a building’s carbon 
dioxide emissions are calculated.  The overall benefits of ABGR are firstly that it provides market 
recognition and a competitive advantage for low greenhouse emitters and energy efficient 
buildings; and secondly, it encourages best practice in the design, operation and maintenance of 
commercial buildings to minimise greenhouse emissions.  The scheme is administered nationally 
by the NSW Department of Energy, Utilities and Sustainability (DEUS) and locally by leading 
state greenhouse agencies.  The ABGR scheme rates buildings from one to five stars with five 
stars representing exceptional greenhouse performance.  Current market best practice in Australia 
is generally three stars.   
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The key features of ABGR can be summarised as follows: 
- It is a voluntary rating that can be initiated by a building owner, manager or tenant;- 
- It rates a building according to actual performance using 12 month’s energy data;  
- It can be used for the base building (central services), whole building or individual 
tenancies;  
- It allows developers to ’badge’ the greenhouse performance of their new office 
development from the outset on the proviso DEUS will rate its actual operational 
performance and advise the tenants; and 
- The ABGR standard was adopted as a benchmark of performance for the research. 
Other building sustainability rating schemes throughout the world operate within levels of 
benchmark energy efficiency and emissions - for example, broader building related assessments 
such as the UK BREEAM, the US LEED, the Hong Kong BEAM and the Australian GreenStar 
incorporate other sustainability and building related issues such as recycling, transportation and 
building management as well as energy issues.  These schemes present an opportunity for owners 
and the market to benchmark buildings, both new and existing, in terms of energy consumption 
and other sustainability criterion.  It is anticipated in the future that these benchmarks will be 
adopted by more owners and should become mandatory part of the due diligence information 
provided at the point of sale.  In this way, valuation surveyors will begin to incorporate 
sustainability, energy consumption and efficiency into the value and respective levels of risk 
ascribed to property. 
2.3 Energy efficiency measures in office buildings 
There are many measures that building owners can make to the external fabric of buildings and to 
the internal areas, as well as upgrading the building services equipment such as HVAC.  When 
building systems are evaluated, often it is the lighting systems that offer the greatest potential for 
reductions within less than a 2.5 year payback period (AGO, 1999).  Similarly a variety of 
measures exist that tenants can adopt to increase the energy efficiency of their leased areas, 
however it is outside the scope of this research report to discuss these measures in detail.  A 
detailed analysis of a client’s interest in the building, for example whether the time frame short, 
medium or long term as well as their budget, will affect what measures may be adopted in 
refurbishment or during planned maintenance programmes.  Another critical factor is the physical 
characteristics of the building.  Simply explained, some buildings have very different energy 
characteristics that have to be fully considered in a refurbishment, such as a deep plan and a 
narrow plan building.  At all times energy efficiency has to be considered alongside indoor 
environment quality (Burton, 2001) and occupant comfort is of paramount importance. 
There are three broad approaches to refurbishment: using natural forces, a low tech approach or a 
high tech approach that relies heavily on mechanical equipment to deliver energy efficiency.  The 
level of energy consumption using the high tech approach is always many times higher than the 
natural approach (Burton, 2001); however it is acknowledged that it is not always possible to use 
a natural approach due to the embodied energy resting in many large skyscraper office buildings.  
Accordingly, many buildings are a blend of the two approaches.  Other issues related to energy 
efficiency include increasing indoor air quality, decreasing the risk of legionnaire’s disease, 
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reducing nitrous oxide emissions due to acid rain, and increasing recycling opportunities (Burton, 
2001). 
Natural methods of addressing energy efficiency include issues such as: 
- Daylighting; 
- Insulation; 
- Solar gain; 
- Openable windows; 
  - Solar shading; and 
- Cooling using thermal mass. 
High tech approaches to energy efficiency include measures as: 
- Artificial lighting; 
- Artificial heating; 
- Artificial cooling; 
- Artificial ventilation; and 
- Sophisticated automatic control systems (such as Building Management or Building     
Automation Systems, intelligent facades). 
Owners can consider the performance of the façade and either incorporating shading devices or 
low emissivity or low ‘E’ glazing where appropriate to improve energy efficiency.  The 
incorporation of Building Automation Systems or Building Management Systems also provides 
an opportunity to increase the efficiency of the building management system to operate plant and 
services more efficiently with less waste (Jones Lang LaSalle, 2005).  High efficiency chillers 
and variable speed drives on pumps or fans offer a further opportunity to increase efficiency and 
reduce consumption of energy.  The current view appears to be that owners need to achieve 
ABGR ratings in the 3 – 3.5 star ratings in order to remain competitive in the market, although a 
substantial proportion of the office stock may fall below this level. 
When considering office buildings there are many properties that can be categorised as ‘offices’ 
although each can vary considerably in size, age, design and can be solely occupied by white 
collar service industries or comprise of mixed use (e.g. office and residential; office and 
entertainment) and therefore quantifying the emissions from the stock is complex.  Burton (2001) 
identified four office typologies that can be used to group buildings as listed in Table 3. 
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Table 3. Office typologies and characteristics 
Typology Characteristics 
Micro city office building Mega buildings 
Atria 
‘Piazzas’, streets and squares 
Internal primary and secondary ‘streets’ 
Landscaped gardens and water features 
Outdated buildings Largely obsolete e.g. much of 1960s European 
stock. 
Poor construction and poor workmanship 
urgently requires retrofit / refurbishment (e.g. 
PCA Grade D stock in Australia) 
Redundant stock e.g. other types such as 
railway yards and city factories 
Hybrid office Commercial and residential mix - returning to 
many European and Australian cities.  
Computer based offices Newest entrant to the market and currently 
more a concept than a ‘type’. 
High tech using BMS / BAS and envelope to 
regulate and optimise internal environment.  
Hot-desking 
(Source: adapted from Burton, 2001) 
This research examined all office typologies listed in Table 3.  Another way of classifying offices 
is to consider the different physical characteristics. For example, a heavy weight structure has 
high thermal mass whereas a skin orientated building has low thermal mass; each has different 
thermal qualities affecting energy efficiency.  Furthermore, the internal layout, cellular office 
space as opposed to an open plan layout can affect the energy consumption.  Burton (2001) also 
classified generic office building types as listed in table 4. 
Table 4.   Office Building Types 
Type number Name Characteristics 
1 Domestic Small with central vertical core 
Rooms connected to core and external envelope 
Skin orientated 
2 Spinal Linear floor plan with central corridor access to cellular offices 
on outside 
Heavyweight structure, higher stories 
3 Deep plan Two examples - inner offices not related to skin 
Spinal buildings wrapped around a central core 
4 Complex Variation of Type 2 above comprises three linear blocks 
Thermal mass, skin determines internal conditions 
Lightweight (e.g. steel frame with exterior sandwich elements) - 
can not store heat or cool, internal temperature follows outside 
temperature swings closely. 
Heavyweight - uses mass to store heat with much slower 
temperature swings. 
(Source: adapted from Burton (2001).) 
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All office types listed in Table 3 were included in this research.  The Melbourne CBD is similar to 
many downtown or city centres as it comprises a varied stock of property that presents numerous 
challenges for the surveying profession, where each building has to be considered on its individual 
merits.  Furthermore, each building presents different challenges in respect of improvements in 
energy efficiency - for example, an owner may seek to refurbish single floors only or to refurbish 
for a short term life of say 5 – 10 years although another owner may be considering 25 year 
refurbishments or seek to strip a property completely down to the original structural frame. 
 
The Melbourne CBD includes a range of Victorian commercial buildings constructed of traditional 
load-bearing construction that are several stories high.  Some of these properties are heritage listed 
(or listed as it is referred to in the UK), which in turn places certain restrictions on alterations to the 
structure and fabric of the buildings.  The properties in the Melbourne CBD are nested in a variety 
of 20th century stock that ranges from low rise to skyscraper heights exceeding 55 floors.  The 
skyscraper stock has a variety of cladding and external wall materials consistent with architectural 
preferences prevailing at the time of construction.  These materials have varying thermal properties 
that render some buildings more energy efficient than others - for example glass curtain walling is 
less energy efficient than natural stone panels.  In addition, office buildings vary in size on the floor 
plate ranging from deep plan to narrow plan, with both types enjoying different energy efficiency 
characteristics. 
 
2.4  City of Melbourne greenhouse policy - 2020 Zero net emissions 
 
The City of Melbourne is a progressive local government authority with ‘real world’ vision, and 
set ambitious goals to mitigate climate change by establishing a roadmap for the municipality to 
achieve zero net greenhouse gas emissions by 2020 (City of Melbourne, 2003).  Rather than a 
threat, the municipality perceive the zero net emissions strategy as an opportunity for economic 
growth, environmental improvements and social cohesion, openly advocating adopting a triple 
bottom line business approach.  If issues relating to climate change are to be seriously addressed, 
this viewpoint should be endorsed by other government authorities.  The municipality felt the 
opportunity had to be seized; as this is a chance to present the city as a leading centre integrating 
economic growth and benefits with environmental and social gains that otherwise would be lost 
to other competing cities.  The strategy uses ‘market mechanisms and appropriate regulations’ to 
influence business investment that occurs in buildings, plant and power generation.  It is at this 
level that this research project profiling the baseline carbon emissions from CBD offices dovetails 
with the strategy.  In order to succeed the strategy has to operate on many levels and the major 
initiatives for the strategy can be listed as: 
1. Privately financed world class green buildings and to lead by example; 
2. Centre for greenhouse expertise and technology; 
3. Active marketing of a green productivity profile for Melbourne; 
4. Voluntary carbon trading market to prepare Melbourne for international carbon trading; 
5. Progressive strengthening of regulations for energy performance in buildings; 
6. A green supply chain with progressively strengthening standards; 
7. Stimulation of demand for renewable and efficient energy through city led consortia; 
8. A pilot sequestration investment by the City of Melbourne of eucalypt trees for 
renewable power generation (10% sequestration by 2010 and 50% by 2020); and 
9. Access for business to investment in carbon sequestration projects. 
 
This research project underpinned the city’s target setting process by assisting the municipality to 
benchmark the reduction in carbon emissions that will occur along a business as usual approach, a 
minor change and a major change approach in Melbourne CBD offices.  The forecasting and 
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modelling of the emissions facilitate the targeting of effective policy making to meet business 
needs and wider social goals. 
 
Set in a wider context, Melbourne and the broader Australian community is very conscious of the 
Asia Pacific setting where there is rapid growth of cities creating major economic, environmental 
and social change.  For example a city the size of Perth is added to Asia every week (Neilson, 
2000).  The consequences of globalisation and urbanisation are profound in terms of 
environmental problems, greenhouse gas emissions, opportunities to export skills and 
technologies and in the nature of international competition. 
 
2.5  Stakeholders issues  
 
There are a number of key issues facing stakeholders as summarised in table 5.  One of the key 
stakeholders for the research was the City of Melbourne, being the public body responsible for 
administering the city for business and residents.  The City of Melbourne has a moral and ethical 
standpoint on issues affecting both the residents and businesses located in the CBD.  The City of 
Melbourne also has the role to raise taxes from city businesses to be used for refuse collection, 
water supply and general infrastructure.  Their vision for the building stock and greenhouse gas 
emissions is embodied in their Zero Net Emissions policy document (City of Melbourne, 2003). 
 
Another integral group is the building owners comprising of a mix of property investment 
companies and individual or private owners, with many owning a single building or a small number 
of buildings.  It is accepted that owners have different motivations, drivers and barriers to action 
regarding refurbishment and energy efficiency.  In addition, awareness of sustainability issues may 
vary across the types.  For this project the research team held discussions with many stakeholders, 
including two large institutional investors being Investa and ISPT.  Such organisations are actively 
proactive in the office market and seek to lead in terms of the application of best practice, as well as 
being accountable to shareholders who have short term and long term financial demands. 
 
Within Australian property markets the PCA represent the interests of building owners and where 
necessary act as a lobby group with local, federal and state governments.  Accordingly PCA is 
trusted by building owners and their disseminated information is considered both reliable and 
detailed.  PCA seek to ensure building owners are not disadvantaged by onerous legislation or taxes 
and furthermore that building owners receive best available advice in terms of measures deemed 
essential to ensure their properties, and investments, maximise their returns via higher capital values 
and rent.  In some respects it may be perceived that their position is therefore one of caution in 
respect of any measure that increases the costs to building owners or may lower the grading of 
stock. 
 
The final stakeholder group was the property consultants or surveyors.  These professionals advise 
building owners and tenants with regard to the sale and leasing of the CBD office stock.  As such 
they have daily hands-on, direct experience about the inner-workings of the office market.  In the 
process of conducting this research property professionals from major international consultancies 
(Jones Lang LaSalle Colliers International, Knight Frank and CBRE) and relevant government 
organisations met with the research team both individually and collectively as a group to discuss 
barriers and drivers for energy efficiency in the Melbourne CBD office stock.  Issues identified by 
this group included difficulties in factoring in energy efficiency into the valuation of CBD property 
along with other well established variables such as location. Alone energy efficiency does not carry 
sufficient importance to influence the value of an office property yet. Clearly this situation needs to 
change and increases in fuel prices, increases in legislation and taxes on energy guzzling properties 
are means in which the importance of energy efficiency is enhanced. 
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Table 5.  The different ‘issues’ facing stakeholders 
Stakeholder group Role Issues 
City of Melbourne Policy maker and 
local government 
statutory body 
Moral and ethical perspective 
 
Long term interest in viability and prosperity of 
Melbourne CBD. 
 
Building Owners Facilitators of 
business activity 
Awareness and knowledge of sustainability 
issues including energy efficiency 
 
Optimise financial outlay on property to ensure 
optimum rental income and minimal 
depreciation of asset. 
Property Council of 
Australia 
Building Owners and 
Managers Association 
(formerly BOMA) 
Protection of the interests of building owners, 
against measures which increase costs. 
 
Lobby government and municipality regarding 
changes to legislation (e.g. disability access) and 
taxation levels. 
Property Consultants Professionals advising 
building owners and 
tenants in CBD area 
on sale and or leasing 
of stock 
Valuation of property does not currently account 
for energy efficiency 
 
Perceive their role as service providers and are 
therefore reactive and not proactive in advising 
clients of the importance of sustainability and 
energy efficiency 
(Source: Author) 
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SECTION 3  Methodology and Data Collection Process 
 
This section outlines the research methodology designed by the research team and details the 
sources of data used in this research.  This research adopted a unique approach with 100% 
sampling undertaken of all office buildings, rather than focussing on a smaller representative 
sample and applying the results to the balance of the office stock.  To undertake this approach an 
expansive database was compiled based on the following parameters: 
 
- Visually inspecting every office building; 
- Analysing relevant characteristics for each building including age, net lettable 
area and gross floor area; 
- Examining the physical location of each building; 
- Calculating the usage of electricity and gas for each building. 
 
A further dimension of this study was to project the data via a longitudinal analysis over 5, 10 and 
15 year timeframes.  The advantage of this approach is the ability to examine change over time, 
which in turn presents alternative approaches to increasing office building efficiency resulting in 
varying levels of reduced CO2 emissions.  Importantly, the data employed in this research is 
based on reliable sources of information based on individual buildings without sampling only a 
portion of the office stock.  Consequently the results are reliable and detailed, being designed to 
provide an invaluable insight into office buildings and climate change. The relationship between 
the sources of information and the stakeholders is illustrated in figure 1 below. 
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Figure 1 – Sources of information  
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3.1 Sources of detailed building characteristics 
 
The main data file used was partly compiled with reference to existing databases.  There were 
two primary databases referred to, although there were issues to resolve regarding access to the 
databases as well as extensive ‘cleaning up’ of the data for the purposes of this project.  The two 
databases used were the City of Melbourne’s ‘Census of Land Use and Employment’ (CLUE) 
and ‘Cityscope’.  The databases assisted profiling the office stock in Melbourne CBD but did not 
include data about energy consumption or energy efficiency.   
 
CLUE is an information system about land use, employment and economic activity across 
Melbourne (www.melbourne.vic.gov.au/clue ).  It is produced by the City of Melbourne 
Sustainable City Research Branch and updated every two years, with the most recent update 
being 2005 as the version used to assist this research.  For the purposes of this research the focus 
was placed on data relating to property.  The CLUE database contains information about 
parameters such as floorspace, employment, car parking, property use and space use.  The 
database also holds information about the nature of the space, for example whether it is under 
refurbishment, demolition, or vacant, leased but not improved.  Whilst some data is available to 
the public, after many meetings and a full presentation to the sustainability section the research 
team negotiated full access to the data for the purposes of this research.  Note: the information in 
this database was aggregated to a building level and not information was available that would 
permit identification of individual buildings.   
 
Cityscope information was used to compile part of the main data file of office buildings.  It is a 
commercially available database and claims to be the ‘most detailed, accurate and extensive CBD 
property information service available’ in Australia (Cityscope, 2005).  The type of office 
building data held on the database include parameters such as street frontage, zoning information 
and site area, detail of development applications, building progress and completion, complete title 
details and property details such as building services.  Over 3000 Melbourne CBD properties are 
included on the database which is updated annually.  Cityscope was used in conjunction with 
CLUE to provide data for the modelling and forecasting of baseline carbon emissions and energy 
efficiency for the CBD.  This research was supported by the 2005 version of Cityscope. 
 
Another key source of information was a questionnaire survey designed to establish information 
regarding energy consumption and use within the buildings, as well as existing data about office 
buildings. The data collection process was assisted by a detailed survey of building owners (see 
Appendix F).  The survey provided supplementary information to support the data not available 
from other reliable sources such as the CLUE and Cityscope databases.  It is commonly accepted 
that when conducting research there are challenges in accessing data, especially property 
information, which can be perceived to be extremely sensitive to both owners and tenants.  
Sometimes researchers are required to compromise on the depth of information collected in order 
to access data, and this was the case with this questionnaire survey. The initial survey of all office 
building owners in Melbourne was more detailed but after piloting the survey, it was considered 
either unlikely that respondents would have the time to compete the survey or would not have 
access to the information.   
 
At other times researchers are confronted with response rates issues and have to negotiate access 
to respondents via ‘gatekeepers’.  In other words, gatekeepers are organisations or people through 
whom the researchers need to go to gain access to the respondents and to maximise return rates.  
In this case it can be argued that the PCA were the gatekeeper for building owners.  After 
preliminary consultation with property consultants and team meetings, the researchers considered 
it highly unlikely building owners would divulge sensitive information about energy 
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consumption, especially if there was a possibility that their building would feature as an ‘energy 
guzzler’.  Although energy efficiency does not appear to be adversely affecting property values, 
there is an acknowledged perception this is changing in the market place and owners are not 
willing to risk having their property stigmatised.  In order to conduct this research the survey 
questionnaire requested information that some building owners may have considered sensitive.  
To overcome this barrier the research team negotiated access via the PCA who collect data 
regularly from building owners and are trusted custodians of property data.  It should be noted 
that PCA are a strong supporter of the research into energy efficiency and office buildings and 
agreed to distribute the survey to their members with a covering letter explaining confidentiality 
of data supplied.  The researchers assured participants that only aggregated data will be published 
about Melbourne CBD property for this research, and importantly no individual buildings are 
mentioned as examples of poor practice.  After extensive consultation the survey was sent out to 
two major property owners in Melbourne, Investa and ISPT who agreed to complete the surveys 
for the research.  
 
3.2 Carbon emissions 
 
After data was collected and the extensive database of all office buildings and their relevant 
characteristics was constructed, the research team used a greenhouse rating diagnostic tool to 
convert energy consumption into carbon emissions.  All data used in this process was obtained 
from reliable sources and verified.  This process was undertaken using information and data from 
the following: 
ABARE, Australian Energy report 05.9;  
Australian Building Greenhouse Rating (www.abgr.com.au) 
AGO 2004, Stationary Sector GHG Emission Projections 
Vicpool Information Bulletin 3, 43. 
Department of Infrastructure. 2005. Energy retail tariffs for 2005; 
ESAA, Electricity Gas Australia 2005  
OECD IEA 2005, Electricity Information (2003 data); and 
TXU - schedule of distribution use of system tariffs.  
 
With regards to green power, the following rates were adopted for the baseline data calculations: 
Premium and A Grade - 5% 
B Grade - 2% 
C Grade - 1% 
D Grade - 0% 
The buildings in the returned surveys had higher levels of green power however the researchers 
felt that the sample was biased to buildings where more green power was used and references to 
other sources confirmed this view and indicated uptake across the stock was lower.  All buildings 
on the main data file were processed to calculate carbon emissions.  
 
3.3 Research process and data validation 
 
The research population for the profiling of stock comprised all Melbourne CBD offices.  This 
was a critical aspect of the research and a database was constructed that detailed characteristics 
and the history of every office buildings.  To ensure the validity of the database a direct survey 
was also conducted, where the research population for the questionnaire survey comprised a 
sample of owners of office property and Property Council of Australia members in Melbourne.  A 
total of 26 questionnaires were distributed to owners of Melbourne CBD office buildings in 
October and November 2005 by the Property Council of Australia in Sydney.  Soon after 14 
returns were received, equating to a responses rate of approximately 50%.  These results were 
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considered representative of a cross-section of CBD office buildings in terms of size, age and 
grade of stock, and were used to benchmark across all office buildings.  The databases were 
‘cleaned’ by the researchers and all non office property that included less than 50% of a core 
office component was removed from the databases.  This survey assisted to ensure the 
information relating to office buildings that was assembled in the database was both accurate and 
reliable. 
 
The steps undertaken in the process of compiling the research database are as follows. 
 
Stage 1 – Assemble a preliminary dataset of all Melbourne CBD buildings including non-
conforming property (e.g. carparks and residential), which all have an office 
component although potentially rather small. 
Stage 2 – Add other information including details from the CLUE database concerning physical 
building characteristics and physical characteristics (note: this information was 
examined in an aggregate building format and individual floors or tenancies could not 
be isolated). 
Stage 3 – With the assistance of GIS mapping and Cityscope, as well as individual inspections 
where necessary, each building was examined and the database was reduced from 
1,354 properties to 326 confirmed office buildings with an office component of at least 
50%. 
Stage 4 – Additional information relating to individual buildings was added to the database and 
resulted in comprehensive and detailed information set. 
Stage 5 – The results from the validation survey for specific CBD buildings were also input into 
the database and checked against the existing information to ensure the database was 
reliable and accurate. 
Stage 6 – The ratings of carbon dioxide emissions were individually calculated for each office 
building in the Melbourne CBD.  This was achieved by inputing the information from 
the research database concerning the physical building characteristics, as well as the 
additional data such as energy consumption.  The ABGR online diagnostic tool was 
used for this process (www.abgr.com.au).  The researchers were required to enter data 
based on rated area, occupancy hours, number of employees, electricity and gas 
consumption per annum (kWh and MJ) and amounts of green power used.  The results 
produced an estimate of energy consumption and annual carbon dioxide emissions for 
the property, which formed the basis of the modelling detailed in the section below.  
These individual results were triangulated against the primary survey data for accuracy 
and were within a 1% degree of accuracy.  For each building the rates used for energy 
consumption were sourced from the PCA Benchmarks Survey of Operating Costs 2005 
for Melbourne (PCA, 2005) on a  pro-rata basis using current energy tariffs for 
Victoria.   
Stage 7 – An analysis of energy consumption and emissions for all 326 office buildings for all 5 
scenarios was conducted for 3 additional time periods, namely 2010, 2015 and 2020.  
The results formed the basis for profiling the office stock in 5, 10 and 15 years. 
Note: refer to Appendix E for a data matrix referring to data sources.  At all stages the data was 
checked and rechecked by the researchers to ensure reliability and accuracy of the input process. 
 
3.4 Reliability, accuracy and timeliness 
 
Throughout the research, the research team used local experts, stakeholders and practitioners to 
validate the data and the data collection approach and process.  Furthermore, expert questioning 
and advice was received from a Steering Committee comprised of academics and practitioners 
from two UK Universities and leading international property consultants, King Sturge. 
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The data was subjected to the following reliability and accuracy tests prior to commencing the 
detailed statistical analysis.  This process involved the following steps: 
1. ensuring the database was error-free; 
2. examining the survey data for obvious anomalies such as differences in data from 
different sources; and 
3. contacting survey respondents to correct any anomalies that may exist. 
 
3.5 Forecasting and modelling the research scenarios 
 
The research scenarios 
 
This research adopted four scenarios; no change, minor change, intermediate change and major 
change – refer to the variables that were altered in three of the scenarios as listed in table 6.  The 
rationale behind the different scenarios was to model measures that recorded the impact of a 
‘business as usual’ approach or a ‘no change’ approach. The second, minor change scenario was 
devised to model measures that were considered reasonable and within the means and capabilities 
of the majority of building owners and managers. For example, it is reasonable to anticipate that 
building owners could achieve a reduction in electricity consumption in the order of 10% such as 
through the replacement of worn-out services with modern counterparts. The rationale for the 
major change scenario was to model radical changes that would currently be beyond the plans of 
the majority of building owners in order to quantify the potential reductions and thereby provide 
evidence for policy makers to target and base their policy making upon. The hybrid version, 
namely ‘minor’ then ‘major’ change, is based on the assumption that mankind is likely to resist 
change in the short term and that policy makers need time to devise and implement policies 
before a period of accelerated change is introduced.  Rather than segmenting and making changes 
to only a proportion of the office stock, the model was based on changes to all of the stock 
included in the research. The changes were calibrated across the quality of the stock i.e. between 
grades but it was taken that all stock would be improved in the scenario planning. In the real 
world inevitably some stock would be improved by higher degrees and others by less, however 
the purpose of this research and modelling was to identify the potential changes on a entire CBD 
basis.  Four influencing variables were examined to ascertain the impact on overall carbon 
emissions of the stock.  
 
The first variable altered was the ‘number of employees’ and the rationale for this change was as 
follows: in a similar manner to other measures of efficiency such as car mileage, by increasing 
the number of passengers then fuel consumption per person per mile is decreased, thus by 
increasing the number of people within the building there would be a reduction in carbon 
emissions per person per square metre.  In other words, this research is unique in that it examined 
the impact of change over a large number of office buildings in an entire CBD to quantify the 
cumulative reduction in emissions.  The second variable to change was the amount of ‘green 
power’ used by the buildings. The underlying rationale was that the use of greenpower, either 
locally produced through the retrofitting of wind turbines or photovoltaic or through 
sequestration, is a measure very likely to be implemented in the future. The City of Melbourne 
‘2020 Zero Net Emissions Report’ makes reference to increasing the amounts of greenpower used 
in CBD stock (City of Melbourne, 2003). 
 
A realistic proportion of the stock that could adopt greenpower and by what extent were used by 
the research team – this information was derived from the sample of surveys returned, where 
office buildings currently are using higher amounts of greenpower than the figure used for the 
scenarios, and secondly referring to literature regarding current and likely future uptake in the 
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market.  The rationale for the major change scenario was to adopt figures considerably beyond 
current levels of uptake to identify the impact such a radical change would have to the overall 
carbon emissions.  Electricity figures were calibrated to the quality of the stock, the rationale 
being that owners of higher grade office buildings would be likely to spend more to ensure their 
stock retained its grade within the market. The electricity data for the ‘no change’ scenario was 
derived from the completed surveys.  Therefore, the Premium stock achieved higher levels of 
reduction in consumption than C grade stock in the modelling process.  A similar rationale was 
adopted for the gas consumption figures and the data was modelled accordingly. 
 
It should be noted that the intermediate scenario was designed as a hybrid between the minor and 
major scenarios, adopting a more realistic approach to the introduction of change into the office 
market.  The intermediate approach commences with no change, then minor followed by major 
change. The three time periods for all three scenarios were 2010, 2015 and 2020 as shown in 
figure 2 
 
 
Figure 2 – Varying change over time for each scenario 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Source: Author) 
 
The first scenario is for no change and as the level of emissions has been rising it the past, the no 
change option can be viewed as a worst case scenario.  Using time frames based on 2010, 2015 
and 2020 there were various assumptions made with regards to the transition of stock from one 
grade to another as well as replacement with new stock and the upgrading of existing stock.  For 
the initial five year period this was relatively straightforward after considering the amount of new 
stock currently under construction.  However, predictions about the profile of the stock in 2015 
and 2020 was based on market information including the cyclical behaviour of the market. 
 
A minor change scenario modelled minor alterations to four key variables.  The first change was 
to the number of employees by increasing the density of occupation by 10%.  It was evident that 
many buildings were under-occupied as revealed by the 2005 baseline data and it was considered 
feasible with efficient space planning to increase densities by 10%.  The second variable to 
change was the amount of green power used by owners.  Green power in Premium and A Grade 
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stock increased to 10%, B Grade to 5%, C Grade to 2% and D Grade to 1%.  Finally, energy 
consumption of electricity and gas was reduced by 10% as it was considered reasonable for 
building owners to be able to achieve efficiency gains of 10% by regular and effective 
maintenance and replacement of worn services with modern energy efficient equipment. 
 
The major change scenario introduced more radical alterations to the variables with the density of 
occupation was increased by 25%.  Such a change would require buildings owners and designers 
to think creatively about space planning; for example to adopt more hot-desking and innovative 
office space planning options.  Green power usage was increased 50% for Premium, B Grade to 
25%, C Grade to 10% and D Grade to 5%.  Such an increase would demand a substantial change 
in the market and may require incentives to building owners in the form of tax relief. Finally 
energy consumption of electricity and gas was reduced by 25% and this would require the 
majority of building owners to invest in energy efficient equipment as well as undertaking regular 
and effective maintenance and replacement of worn services with modern energy efficient 
equipment. 
 
Table 6.  Variables altered in no change, minor and major scenarios 
 
Variable 
 
 
Scenario 1 - no 
change 
 
 
Scenario 2 - minor 
change 
 
Scenario 3 - major 
change 
Number of employees - Increase by 10% Increase by 25% 
Green power use by 
Grade (premium, A, 
B, C and D) 
5%,2%, 1%, 0% 10%,5%, 2%, 1% 50%,25%, 10%, 5% 
Electricity 
consumption (kWh) 
No reduction Less 10% Less 25% 
Gas (MJ) No reduction Less 10% 
 
Less 25% 
(Source: Author) 
 
In regards to the actual changes in the building stock for 2010, 2015 and 2020, consideration was 
given to the influencing supply and demand factors that affect the market.  In this process 
reference was made to many industry sources and surveys (e.g. PCA, 2005; Jones Lang LaSalle, 
2005).  Most of this information focused on forecasts that are regularly required in the market for 
discounted cashflow (DCF) analysis and was considered reliable.  Other factors included in this 
analysis were the historical patterns of supply and demand, which are reflected in clearly 
observed office market cycles.  For example, by 2010 it was forecast there would be 5 new office 
buildings, 4 removed and 10 buildings downgraded in their office building grade in the 
Melbourne CBD.  By 2015 there were 3 additional new buildings, 4 demolished and 7 office 
buildings downgraded.  Finally, by 2020 there were a further 5 new buildings, 6 demolished and 
10 downgraded in their office grading.   
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SECTION 4 Data Analysis 
 
The data analysis is divided into two primary sections based on (a) different influencing factors 
affecting the relationship between climate change and office buildings and (b) variations in these 
factors over time in accordance with different scenarios.  The analysis commences with 
examining the variables that distinguish one building from another using 2005 as a base year, and 
then moves onto the profiling changes as they will occur in 2010, 2015 and 2020.  The analysis 
was conducted following the methodology outlined in the previous section. 
 
4.1  Profiles 
 
The main data file profiled the Melbourne CBD office stock in terms of: 
 
• size; 
• date of construction (age); 
• employees; 
• occupancy (hours per week); and 
• location. 
 
For the year 2005 the variables above were cross tabulated with the following outputs: total actual 
emissions (kg/CO2/pa), total energy consumption (MJ/M²), Energy per person (Mj/per 
person/pa), emissions per person (KgCO2/per person/pa) and area per person (M²/person). 
 
For the years 2020, 2015 and 2020 the changes to the stock were modelled against total actual 
emissions (kg/CO2/pa), emissions per person (KgCO2/per person/pa) and area per person 
(M²/person).  The stock was modelled for the no change scenario, the minor change and thirdly 
the major change scenario to quantify emissions and to ascertain the changes the stock would 
undergo. 
 
4.2 Baseline data 2005 
 
This section examines the Melbourne CBD office stock as at 2005 with reference to the following 
six (6) factors relating to climate change: 
- normalised greenhouse gases; 
- total actual emissions; 
- total energy consumption; 
- energy per person; 
- emissions per person; and 
- area per person. 
 
Each of these factors are analysed below with reference to the following building characteristics: 
- building size; 
- building age; 
- number of office employees; and 
- building occupancy. 
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(a) Building size 
 
Consideration should be given to breakdown of the office building stock in the Melbourne CBD 
as summarised in table 7, where each building was separated into one of three classifications 
based on gross lettable area (gla): under 5,000m2, between 5,000 and 10,000m2, or in excess of 
10,000m2.  As expected the group with the largest number of buildings have the smallest gross 
lettable areas (under 4,900 m2), although larger buildings contain the highest proportion of area. 
 
Table 7:  Breakdown of CBD office buildings according to gross lettable area 
 
 
Gross lettable area 
of buildings (m2) 
 
 
Number of buildings 
 
 
Proportion of total 
stock 
 
0 – 4,999 m2 157 35% 
5,000 – 10,000 m2 60 15% 
Over 10,000m2 m2 109 50% 
Total 326 100% 
  (Source: Author) 
 
 
Total actual emissions and building size (Kg/CO2/per year) 
 
In 2005 a positive relationship existed between the larger buildings (gross lettable areas in m2) 
and the amount of total actual emissions produced (tonnes of CO2 per year) on an aggregate basis 
as shown in figure 3.  This result is as expected since larger buildings also contain half of gross 
lettable area constructed in the Melbourne CBD (refer to table 5).  However larger buildings emit 
3.5 times the amount of total actual emissions than smaller buildings, followed by medium size 
buildings with the lowest aggregate emissions. 
 
Figure 3 
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 (Source: Author) 
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Total energy consumption and building size (MJ/m²) 
 
Referring to the actual energy consumption of each category as shown in figure 4, smaller 
buildings consume a substantially larger proportion of energy in the CBD Melbourne office 
market.  When in conjunction with the findings presented in figure 3 it can be concluded that 
larger buildings are the least energy efficient from one perspective, although from a conversion 
perspective smaller buildings consume a large amount of energy but have lower emission levels.  
There are other influencing factors that could affect this relationship, including the lower grade of 
facilities available with smaller buildings (e.g. fewer lifts, limited air-conditioning) and the 
inherent higher levels of obsolescence. 
 
 Figure 4  
 
 (Source: Author) 
 
 
Energy and building size (MJ/per year)   
 
Based on a comparison of office buildings, smaller office buildings consume less energy followed 
by larger buildings and then medium-sized buildings – see figure 5.  A major contributing factor 
affecting smaller buildings would be the larger proportion of older stock in the category, which 
can be linked to higher levels of obsolescence. 
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Figure 5 
 
 (Source: Author) 
 
 
Emissions per person and building size (KgCO2/per person/per year)   
 
The level of emissions on a per person basis is highest for smaller buildings, followed by medium 
sized and then larger buildings.  On a per person basis, it is evident that smaller sized buildings 
both consume the most amount of energy (figure 5) and produce the highest level of emissions 
(figure 6). 
 
Figure 6 
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 (Source: Author) 
 
Energy consumed per person for Melbourne office buildings by size - 2005
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Area per person and building size (m²/person). 
 
Buildings in the smallest category have a highest ratio of office worker to net lettable as shown in 
figure 7, followed by medium sized buildings and then large buildings.  Based on this measure of 
space usage alone, smaller buildings are the least efficient - this could be linked to higher actual 
vacancy rates than typically reported in the marketplace.  There are other factors that may affect 
this ratio, such as a higher level of efficiency when leasing larger buildings i.e. larger buildings 
have a higher degree of flexibility and can accommodate different space needs.  
Figure 7 
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 (Source: Author) 
 
(b) Building age 
 
Total actual emissions and building age (Tonnes/CO2/per year)  
 
In regards to the overall efficiency levels, newer buildings produce the lowest CO2 emissions as 
shown in figure 8.  It can be hypothesised this is due to lower or negligible obsolescence in 
contrast to older buildings and is as would be expected.  However, buildings in the group ranging 
from 10 to 25 years old produce the higher emissions although decreasing, rather than increasing, 
as the building grow older.  Note that since this analysis is based on aggregate CO2 emissions, 
conclusions about the efficiency of older buildings cannot be drawn in complete isolation. 
 
Table 8:  Breakdown of CBD office buildings according to age 
 
 
Age 
(years) 
 
Number of buildings 
 
 
Proportion of total 
stock 
< 10 7 2% 
10 – 25 66 20% 
26 - 50 95 29% 
> 50 158 49% 
Total 326 100% 
  (Source: Author) 
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Figure 8 
Total actual emissions for Melbourne office buildings by age - 2005
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 (Source: Author) 
 
Total energy consumption and building age (MJ/m²) 
 
On a direct comparison approach a per square metre basis, aggregate older buildings consume 
more energy than aggregate newer buildings as shown in figure 9.  This can be directly attributed 
to the positive correlation between age and obsolescence, with older buildings severely 
disadvantaged due to varying degrees of unavoidable obsolescence including functional, 
economic and technological. 
 
Figure 9 
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Energy and building age (MJ/per year) 
 
Buildings consume more energy as they become older – refer to figure 10.  An older building in 
excess of 50 years old consumes at least twice the amount of energy (per person) than a building 
less than 50 years old.  Amongst other factors this reflects the enhanced energy efficiency of 
newer buildings due to factors including less obsolescence and high market demand. 
 
Figure 10 
 
 (Source: Author) 
 
 
Emissions per person and building age (KgCO2/per person/per year)  
 
Figure 11 indicates that buildings between 10 and 50 years old emit less CO2 emissions per 
person per year compared to other buildings.  With reference to buildings less than 10 years old, 
it appears that when a building is relatively new and prior to achieving a true 100% occupancy (as 
opposed to a reported low vacancy rate) there will be higher emissions per person. On the other 
hand, older stock in excess of 50 years old is typically poor grade, may have poor standards of 
maintenance, poor condition of services and plant, as well as inefficient utilisation of space. 
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Figure 11 
Emissions per person for Melbourne office buildings by age - 2005
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(Source: Author) 
 
 
Area per person and building age (M²/per person). 
 
Generally speaking, buildings less than 10 years old were shown to have the most inefficient use 
of office space on a per m2 per office worker basis. This appears to be linked to the time required 
to achieve full occupancy for relatively new buildings, which in turn has an area per person ratio 
almost twice the ratio of buildings aged between 10 and 50 years. Once again buildings aged over 
50 years recorded a obvious increase in the area per person ratio due to higher vacancy rates 
resulting from substantially less demand.  
 
Figure 12 
Area per person for Melbourne office buildings by age - 2005
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 (Source: Author) 
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(c) Number of office employees 
 
Table 9:  Breakdown of CBD office buildings according to employees 
 
 
Employees per 
building 
 
Number of buildings 
 
 
Proportion of total 
stock 
< 51 113 35% 
51 – 100 65 20% 
101 – 500 93 28% 
> 500 55 17% 
Total 326 100% 
  (Source: Author) 
 
 
Total actual emissions and number of employees (Tonnes/CO2/per year) 
 
On an aggregate basis, office buildings with over 500 employees collectively emit the most 
tonnes of CO2 per year as shown in figure 13.  However the level of emissions reduces in line 
with fewer employees, where office buildings with less than 100 employees release the least 
emissions.  Overall it can be concluded that office buildings with more employees produce less 
emissions on an aggregate basis and is as would be expected. 
 
Figure 13 
Total actual emissions for Melbourne office buildings by number of 
employees - 2005
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(Source: Author) 
 
Total energy consumption and number of employees (MJ/M²) 
 
In reference to energy consumption based on the number of employees, buildings with 50 
employees or less consume the most energy (refer to figure 14) although the relatively small 
number of these buildings should be taken into consideration.  On the other hand, buildings with 
most employees (in excess of 500) are substantially fewer in number but also have the lowest 
energy consumption levels and this relationship reflects the higher economies of scale within this 
scenario. 
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Figure 14 
Total energy consumption for Melbourne office buildings by number 
of employees - 2005
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 (Source: Author) 
 
 
Energy and number of employees (MJ/per year) 
 
To facilitate a direct comparison, the total energy consumption of office buildings was examined 
as shown in figure 15.  The results confirm that buildings with fewer employees (50 and under) 
consume more energy, being as many three times more than larger office buildings.  In a similar 
manner to figure 14, this reflects the higher economies of scale associated with larger buildings. 
 
Figure 15 
 
 (Source: Author) 
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Emissions per person and number of employees (KgCO2/per person/per year)  
 
Clearly highlighted in figure 16 is the higher level of emissions associated with office buildings 
containing fewer workers.  It can be observed that office buildings with at least 500 employees 
have substantially lower emissions as the number of employees decrease.  This relationship can 
be attributed to the ability of newer, more energy efficient buildings to contain more office 
workers, as well as the increased economies of scale associated with larger buildings. 
 
Figure 16 
Emissions per person for Melbourne office buildings by number of 
employees - 2005
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 (Source: Author) 
 
 
Area per person and number of employees (M²/person) 
 
The results in figure 17 confirm there is an inverse relationship between the number of employees 
in an office building and the average area per office worker.  Based on these results it can be 
argued that primarily due to economies of scale, large users of office space are more efficient on 
‘per worker basis. 
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Figure 17 
Area per person for Melbourne office buildings by number of 
employees - 2005
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 (Source: Author) 
 
(d) Building occupancy (hours per week) 
 
Table 10:  Breakdown of CBD office buildings according to building occupancy 
 
Employees per 
building 
Number of buildings 
 
Proportion of total 
stock 
< 51 186 57% 
51 – 55 89 27% 
> 55 51 16% 
Total 326 100% 
  (Source: Author) 
 
Total actual emissions and building occupancy (Tonnes/CO2/per year) 
 
When examining the varying hours of occupancy per week, it appears that buildings with 51 to 55 
hours of occupancy per week emit the least tonnes of CO2 on an aggregate - see figure 18. 
 
Figure 18 
Total actual emissions for Melbourne office buildings by building 
occupancy - 2005
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 (Source: Author) 
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Total energy consumption and building occupancy (MJ/M²) 
 
In contrast to figure 18, office buildings with less than 51 hours of building occupancy per week 
have the highest aggregate energy consumption as shown in figure 19.  As the hours of 
occupancy increases, the total level of energy consumption increases.  When considering the 
results presented in figure 18, this suggests the aggregate sum of buildings with higher building 
occupancy have both the lowest energy consumption but also the higher level of emissions.  At 
the other end of the scale, buildings will lower occupancy hours emit a higher proportion of 
emissions. 
 
Figure 19 
Total energy consumption for Melbourne office buildings by building 
occupancy - 2005
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Energy and building occupancy (Mj/per year) 
 
In a similar manner to figure 19, the results in figure 20 confirm that as the hours of occupancy in 
a building increase there is a substantial decrease in the amount energy consumed.  Thus, 
buildings with over 55 hours per week of building occupancy are over six times more efficient 
than buildings with less than 51 hours of building occupancy per week. 
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Figure 20 
 
 (Source: Author) 
 
 
 
Emissions per person and building occupancy (KgCO2/per person/per year)  
 
The trend in figure 21 suggests a negative correlation between the hours of occupancy per worker 
per week and the level of emissions per worker.  Therefore buildings with lower hours of 
occupancy per worker have higher CO2 emission levels. 
 
Figure 21 
Emissions per person for Melbourne office buildings by building 
occupancy - 2005
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 (Source: Author) 
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Area per person and building occupancy (M² per person) 
 
The results in figure 22 indicate that as occupancy hours per person increases, the area used per 
office worker decreases.  This has clear implications for energy efficiency in office buildings, 
after considering the dual advantages of a building with a higher density of workers combined 
with longer occupancy hours. 
 
Figure 22 
Area per person for Melbourne office buildings by building 
occupancy - 2005
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4.3  Scenario evaluation 
 
This section evaluates four different scenarios (no change, minor change, intermediate change 
and major change) over a 5, 10 and 15 year time periods.  Reference should be made to figure 2 
for a full explanation into differences between each scenario. 
 
1. No change scenario 
 
If the current situation regarding the operation of office buildings remains unchanged, there will 
be a gradual but sustained increase in CO2 emissions as highlighted in figure 23.  This is as 
expected and reflects the increasing volume of office stock and the number of older office 
buildings.  Over this time period the amount of emissions per office worker varies although 
shows an upward trend until 2020 – refer to figure 24. 
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Figure 23 
Total emissions from Melbourne CBD office buildings - no change 
scenario
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Figure 24 
Emissions per person - no change scenario
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Based on a no change scenario, the trend for the amount of net lettable area used by each office 
worker will remain relatively stable over the long term – refer to figure 25.  The small changes 
over this period are due to variations in the amount of office stock being to added to or taken out 
of the marketplace.  In addition this calculation is based on the total amount of office space that 
could be leased and the actual number of employees in the buildings.  It is also affected by the 
prevailing market vacancy rates, as well as the proportion of office space that is leased but vacant. 
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Figure 25 
Area per office worker - no change scenario
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2. Minor change scenario 
 
After undertaking a minor shift in addressing climate change, the aggregate level of emissions 
from office buildings will decrease in the short term – see figure 26.  Nevertheless this is a 
relatively short term correction and unless additional steps are taken, the total CO2 emissions will 
gradually revert back to increases over the long term. 
 
Figure 26 
Total emissions from Melbourne CBD office buildings - minor change 
scenario
0
100000
200000
300000
400000
500000
600000
700000
2005 2010 2015 2020
Year
C
O
2 
Em
is
si
on
s 
(t
on
ne
s)
 
 (Source: Author) 
 
 
In a similar manner to total emissions, figure 27 confirms the level of emissions per office worker 
will decrease in the short term but over the long term will again revert back to a long term 
increases. 
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Figure 27 
Emissions per person - minor change scenario
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 (Source: Author) 
 
 
Following a correction as shown in figure 28, the area per office worker will start to increase by 
the end of the research time frame. 
 
Figure 28 
Area per office worker - minor change scenario
20
25
30
35
40
45
2005 2010 2015 2020
Year
A
ve
ra
ge
 m
2
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3. Intermediate change scenario 
 
Although the level of total emissions will increase marginally over the next 5 years until 2010 
during an initial implementation period, a downward trend then commences decreasing the level 
of total emissions over the long term – refer to figure 29. 
 
 44
Figure 29 
Total emissions from Melbourne CBD office buildings - intermediate 
change scenario
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 (Source: Author) 
 
 
Following an intermediate change, the level of emissions per person by 2020 will decrease by 
approximately 50% – see figure 30.  Note the largest change occurs directly after a major change 
is effected in 2015. 
 
Figure 30 
Emissions per person - intermediate change scenario
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 (Source: Author) 
 
 
As shown in figure 31, an increase in the density per office worker will not occur during the 
initial five year period however there is an observed increase by 2015 and continuing to 2020.  
This appears due to an increase in the density of office worker as caused by the adopting the 
minor change scenario followed by the major change scenario. 
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Figure 31 
Area per office worker - intermediate change scenario
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 (Source: Author) 
 
4. Major change scenario 
 
Undertaking a major change will have a dramatic effect on the level of CO2 emissions as shown 
in figure 32, with a sharp 50% decrease in the level of emissions.  This is followed by a relatively 
small increase over the long term although remaining considerably less than 2005 levels. 
 
Figure 32 
Total actual emissions from Melbourne CBD office buildings - major 
change scenario
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 (Source: Author) 
 
In a similar manner to total emissions, the level of emissions on a per person basis will decrease 
sharply if a major change scenario is adopted - see figure 33. 
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Figure 33 
Emissions per person - major change scenario
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 (Source: Author) 
 
 
In regards to a major change scenario, the area used per office worker will decrease initially and 
then stabilise.  However, there will be slight variations in the area per office worker primarily due 
to changes in the office stock i.e. new buildings replacing older less efficient stock. Overall this 
graph displays a downward trend due to a better use of office space per worker. 
 
Figure 34 
Area per office worker - major change scenario
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 (Source: Author) 
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SECTION 5 Key findings and recommendations 
 
This report has undertaken a detailed analysis of all office buildings in a global CBD, namely 
Melbourne.  It has analysed the existing stock of office buildings as at 2005, as well over 5, 10 
and 15 year time frames.  There have been a number of key findings identified from the analysis 
in the preceding chapter that are listed below with accompanying recommendations.  
Consideration is given to three alternative scenarios based on the changes listed in table 5. 
 
 
Key finding 1 
 
Emissions from office buildings will increase in the future if no action is taken. 
 
There is clear evidence to indicate that, if remaining unchanged, emissions in the CBD office 
market will rise on both an ‘aggregate’ and ‘per person’ basis (see figures 23 and 24 
respectively).  These increases are due to the factors such as the ageing of the office stock over 
time and the volume of new stock under construction that will soon after be released onto the 
market.  This finding is in line with historical trend in the CBD office market and as expected. 
 
Alternative courses of action include undertaking a minor change, an intermediate change or 
major change according to the parameters presented in table.  Although a minor change scenario a 
short term decrease in emissions would be effected in 2010 (figures 26 and 27) and this would 
revert back to increased emissions directly after.  An intermediate change would present no 
immediately observed reduction in emissions (figures 29 and 30) although a sharp decrease in 
emissions would occur after 2010.  On the other hand, a major change would cause an immediate 
sharp decrease in office emissions by 2010 (figures 32 and 33) although this would require a 
dramatic change in variables for all office buildings and is an unrealistic option in such a 
relatively short timeframe.  It is clear the only viable option that is both achievable and results in 
a decrease in emissions would be to adopt the intermediate scenario. 
 
Recommendation 1 
 
Steps need be taken to reduce the level of emissions from office buildings, and the best course of 
action would be to adopt the intermediate scenario.  It is recommended that this process would 
commence with no change in the first five years (allowing a period of education in the industry), 
followed by a minor change in the next five years and then a major change over the ensuing five 
years.  Following this course of action will result in a decrease in emissions using a gradual and 
viable approach. 
 
 
Key finding 2 
 
The level of emissions is closely linked to the amount of office space per worker. 
 
There is a relationship between the trends for (a) the level of emissions and (b) the net lettable 
area per office worker.  This relationship can be observed for each of the four scenarios, with the 
correlation between emissions and area per office worker highlighted for each scenario in figures 
35, 36, 37 and 38. 
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Figure 35 
Total emissions and area per office worker comparison for Melbourne CBD office 
buildings - no change scenario
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 (Source: Author) 
 
Figure 36 
Total emissions and area per office worker comparison for Melbourne CBD 
office buildings - minor change scenario
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Figure 37 
Total emissions and area per office worker comparison for Melbourne CBD 
office buildings - intermediate change scenario
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 (Source: Author) 
 
Figure 38 
Total emissions and area per office worker comparison for Melbourne CBD 
office buildings - major change scenario
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 (Source: Author) 
 
This finding confirms that in general an increase in the density of office workers on a per m2 basis 
correlates with an increase in the efficiency level of the buildings.  Inversely, a lower density of 
office workers on a per m2 is linked to decreased efficiency.  A parallel can be drawn with other 
consumers of energy, including motor vehicles (one person per vehicle in peak hour traffic is 
actively discouraged) and other forms of machinery where idle use is perceived as inefficient and 
wasteful.  Thus, it can be concluded ‘there is an observed relationship between the levels of 
emissions per person and the area per person’. 
 
Recommendation 2 
 
The density of office workers in each building should be increased on a ‘office worker per 
building’ basis.  This can be achieved by undertaking one or more of the following steps. 
- Ensuring that office buildings are fully let and vacancies are minimised at all 
times.  Even though this has always remained a core objective of property owners 
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and managers, further emphasis needs to be placed on reaching as close as 
possible to 100% occupancy.  This is especially applicable for (a) newly 
constructed buildings that often are accompanied by extended take-up periods 
before reaching full occupancy and (b) older increasingly obsolescent buildings 
that need to be either demolished or extensively renovated as soon as possible. 
- Decreasing the amount of office space that is leased although actually unused or 
empty.  Reasons for leasing but not using office space are varied but often related 
to planning for future office requirements (but unable to change the lease in the 
short term due to lack of flexibility) and time lapse between full use of the office 
space (e.g. due to time for moving and fit-out, or if a company becomes 
insolvent). 
- Increasing the ratio of office worker to floor space.  This can be achieved by 
undertaking various steps including redesigning the use of office space or 
acceptance by office workers of a reduced ‘office worker to space’ ratio.  It is not 
suggested that office workers reduce the amount of direct space they work in, 
rather than to reduce the inefficient use of space in the office e.g. for filing 
cabinets, excess corridors, storage of boxes or unused office equipment. 
- Modifying the approach to using office space to increase efficiency.  For 
example, it is suggested that careful consideration should be given to the 
inefficient use of office space due to staff absence at any given point in time (e.g. 
holidays, absence due to sickness, lapses between replacing ex-employees, off-
site work meeting or conference, lunch break).  In other words, an inspection of 
most offices during work hours will confirm that a proportion of the staff are 
absent and it would not be expected that all staff are at their desk at all times 
every day.  Careful consideration should be given to the dynamics of each office, 
and suggestions could be to issue laptop computers to be used at generic 
workplace desks with close monitoring via a roster system.  Adopting such 
changes in work practices would require the commitment of the office 
employees, as well as educating employees regarding the importance of office 
efficiency as well as workplace efficiency levels. 
 
 
Key finding 3 – Higher energy use on a per person basis is associated with smaller 
buildings. 
 
Smaller buildings with a gross lettable area under 5,000m2 are the highest aggregate consumers of 
energy by gross floor area (figures 4 and 5).  On the other hand, buildings with a gross floor area 
between 5,000 and 10,000m2 use the least energy and have the lowest emission levels.  Reasons 
for these results for each group are as follows: 
- smaller buildings are usually associated with a larger proportion of older stock 
that exhibit typically higher than average vacancy rates.  This is partly due to the 
higher levels of obsolescence in this group, especially with regards to physical 
and functional use. 
- in contrast to smaller buildings, increasing the building’s floor area appears to 
raise the level of efficiency due to the enhanced economies of scale.  However, 
there is evidence that energy efficiency at the upper end of the scale (> 
10,000m2) decreases and may be associated with the lower actual occupation 
rates (as opposed to vacancy rates) of larger buildings due to the lack of 
flexibility for leased space. 
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In order to increase energy use levels, it appears office buildings that are not at the smallest or the 
largest end of the scale should be considered.  The primary reasons are the increased flexibility of 
areas in medium sized buildings and the limited obsolescence in this group. 
 
Recommendation 3 
 
The focus should be placed on encouraging the development of medium sized office buildings in 
global cities.  In respect of energy consumption, this group is the highest and best use of the CBD 
real estate.  This could be achieved by closely monitoring the supply of smaller and larger 
buildings and the effect on the aggregate amount of office space would be negligible. 
 
 
Key finding 4 – Energy use and CO2 emissions vary with the age of buildings. 
 
The age of a building is directly related to obsolescence levels, which is turn has an effect on 
energy efficiency and CO2 emissions.  Since new buildings incorporate the latest advances in 
technology and building design, as well as minimal physical and functional deterioration this 
results in lower aggregate emissions (figure 8) and aggregate energy consumption (figure 9).  The 
focus should be placed on a ‘per person’ basis as highlighted in figure 10, where there is a direct 
relationship between age and energy consumption. 
 
Reasons for decreasing energy efficiency (figure 9) due to age is as expected, although the sharp 
increase for substantially older buildings over 50 years of age must be noted.  This category 
appears to be adversely affected by higher operating costs due to varying types of obsolescence 
and lower occupancy rates.  For example a proportion of older lower grade stock in most global 
cities remains predominantly or completely vacant and awaits demolition or refurbishment, 
especially in market downturns when it is not economically viable to conduct these activities.  At 
the other end of the spectrum, newer building have the capacity to adjust to changing 
circumstances e.g. zoned airconditioning so vacant floors are not completely air-conditioned if 
not in full use.  Note that consideration should be given to the heritage characteristics of older 
buildings and this should factor in the decision whether to retain or demolish the structure. 
 
Recommendation 4 
 
The focus should be placed on monitoring the proportion of older buildings in the CBD.  There 
appears to be a strong relationship between age and energy use, with newer buildings use the least 
energy and produce the least CO2 emissions.  Relevant bodies should consider using incentives 
(or disincentives not to redevelop) which would ensure the highest and best use of the CBD office 
stock is maintained at all times.  When refurbishing stock a much greater emphasis should be 
placed on energy efficiency upgrades, especially when a building is at least 10 years old. Finally, 
it should be noted that this research does not consider the embodied energy within buildings and 
it is possible that consideration of embodied energy would have some influence on this data. 
 
 
Key finding 5 – Increase the occupancy levels of CBD office buildings which is linked to 
lower energy use and lower CO2 emissions. 
 
The number of employees in a building is positively correlated with energy use and energy 
efficiency, where buildings with more employees (but not necessarily floor area) have enhanced 
energy use and produce less C02 emissions.  On the other hand, buildings containing fewer office 
workers have higher costs and emit more CO2.  This relationship is adversely affected by 
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buildings with 50 or less office workers (figures 15 and 16) and exhibit extremely poor use of 
resources. 
 
This finding does not conclude that buildings should contain more office workers on sliding 
scale, but rather that building contained a relatively small number of employees should be closely 
monitored.  Reasons for housing such low number of office workers are varied and include the 
inability lease this office space (due to a larger proportion of older stock), poor property 
management, or the effect of a property downturn with large office space available for lease at a 
relatively low rate per square metre. 
 
Recommendation 5 
 
Careful monitoring of buildings with low occupancy (not vacancy) levels based on the number of 
office workers should be undertaken.  Since energy consumption and CO2 emissions are closely 
linked to this group, a scheme based on either incentives or disincentives (e.g. property rating or 
property taxation) to maintain low occupancy rates should be introduced as soon as possible. 
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SECTION 6  Conclusions 
 
This report has identified clear links between characteristics of office buildings located in a 
central business district and their respective consumption of energy plus levels of energy 
efficiency.  To successfully accomplish undertake this task a comprehensive examination was 
undertaken of characteristics relating to every office building in the Melbourne CBD including 
age, quality, floor area, energy use, number of employees and prevailing market conditions.  Most 
importantly, a longitudinal analysis was used to profile the entire office stock during 2005 as well 
as 2010, 2015 and 2020.  In order to understand the full implications of change, there were four 
(4) alternative scenarios introduced over this time period based on ‘no change’, ‘minor change’, 
‘intermediate change’ or ‘major change’.  This process produced results that were both reliable 
and accurate in respect of the energy consumption and CO2 emissions for a global city. 
 
The analysis has produced five (5) key findings with accompanying recommendations for 
addressing the contribution of office buildings towards climate change.  It should be noted that, in 
a similar manner to the broader real estate market, office markets are influenced by an extremely 
large number of factors including prevailing market conditions, government policy, investor 
sentiment and overall market perception.  Consideration should be given to these external 
influences when interpreting the key findings and recommendations, as well as observed 
variations between different global cities including characteristics such as age of stock and the 
highest and best use of CBD land.  The five (5) key findings and recommendations can be 
summarised in table6. 
 
 
Table 11 - Key findings and recommendations 
Key findings Recommendations 
1. Emissions from office buildings will 
increase in the future if no action is taken. 
1. Adopt the ‘intermediate’ scenario 
commencing with no change (1st 5 years), 
minor change (next 5 years) and then major 
change (next 5 years) – see figure 2. 
2. The level of emissions is closely linked to 
the amount of office space per worker. 
2. Increase the density of workers in each 
building to increase efficiency and reduce 
excess. 
3. Higher energy use is positively associated 
with smaller buildings. 
3. Encourage the development of medium and 
larger size buildings and closely monitor the 
supply of smaller office buildings. 
4. As office buildings increase in age, energy 
use and CO2 emissions also increase. 
4. Reduce the proportion of older office 
buildings in the CBD as soon as possible and / 
or ensure refurbishments have energy 
efficiency as a high priority. 
5. Increased occupancy levels of CBD office 
buildings are linked to lower energy use and 
lower CO2 emissions. 
5. Monitor buildings with low occupancy (not 
vacancy) rates and introduce a scheme to 
increase occupancy levels. 
(Source: Author) 
 
These key findings and accompanying recommendations are designed to effectively reduce the 
level of CO2 emissions produced by office buildings.  Previous studies have received criticism 
due to either (a) a strong focus on static ‘one-off’ snapshot of the office market with no 
consideration of the future or (b) a strong reliance on assumptions to either the poor quality of 
data (e.g. number of employees in each building) or using a sample or portion only of the office 
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stock.  This report has overcome these shortfalls and in this process produced five (5) succinct 
key findings and accompanying recommendations.  Furthermore whereas previous studies have 
focussed on the physical changes to the building fabric and services which can be made to reduce 
energy consumption, this report considers other factors such as density of occupation and hours 
of occupancy as variables which affect consumption and emissions. 
 
There is another very important aspect to be emphasised in this conclusion.  To comprehensively 
embrace change requires a whole of market commitment by all property players – anything less 
will result in a lack of understanding, disillusion and the type of fragmented approach that 
arguably exists today.  In the process of conducting this research there was evidence that hurdles 
still existed that would severely inhibit any attempts to fully embrace climate change.  Part of the 
problem appears to be related to the nature of the real estate market and its highly competitive 
and complex nature.  For example, the rate of response for the survey returns was unexpectedly 
slower than anticipated even though the respondents were fully conversant with the information 
required.  The researchers argue this is indicative of the prevailing attitudes towards energy 
efficiency in a portion of the sector where serious concerns abound in the property market about 
the level of confidentiality with this information.  Other discussions highlighted the potential 
problems for property owners and managers if their buildings were perceived to be less efficient, 
which would potentially result in downward pressure on the property’s value.  It would seem that 
to move forward in the 21st century and address the growing problem of energy efficiency and 
CO2 emissions there must be a higher level of commitment towards a long term view rather than 
an overnight or short term view.  Anything less would appear to be unacceptable and cloud the 
ability to take a collective approach.  It should be noted that a minority of building owners are 
keeping excellent records regarding energy consumption and are committed to reducing 
consumption through effective maintenance, regular upgrading of equipment and refurbishment.  
However the majority of building owners are not and this is the group that policy makers need to 
encourage and actively engage. 
 
This report has produced a clear and concise blueprint for addressing the serious issues facing 
climate change – the onus now passes to property owners, policy makers, stakeholder groups and 
the broader property market to uphold these findings and directly face the issues confronting this 
sector.  How each property market actively seeks to improve the energy efficiency levels of office 
markets will differ although lessons can be learnt from varying approaches.  For example, the UK 
government is committed to use taxation as a means of correcting market failures where 
environmental issues are not reflected in the open market and is addressing climate change with 
fuel duties and the climate change levy (CCL).  The UK operates through the European Union 
Emissions Trading Scheme.  The CCL is intended to encourage businesses to improve energy 
efficiency and reduce emissions of carbon dioxide and does not apply to domestic or charitable 
energy users. Suppliers of certain fuels, electricity, natural gas, solid fuel and LPG for heating are 
taxed however it is currently revenue neutral as other financial supports are offsetting the 
taxation. The intent is that it will become revenue raising in due course. 
 
The UK Emissions Trading Scheme (ETS) was the first economy wide greenhouse gas emissions 
trading scheme to be established. A group of companies has an overall emissions target which 
individual businesses decide how to achieve.  They may make in house emission reductions or 
purchase tradable emission allowances which are recorded on an Emissions Trading Registry. 
The Registry operates similar to an internet bank account where emissions are bought and sold 
(http://etr.defra.gov.uk/Web_TsAndCs.asp). DEFRA estimates that just under four million tonnes 
of additional carbon dioxide equivalent emissions reductions will be delivered by the ETS in 
2006. The EU Directorate General for the Environment is having the ETS monitored during 2005 
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and 2006 to evaluate the functioning and design of the scheme, whether it can be expanded and 
its impact on EU competitiveness.  
 
The full endorsement of the broader real estate market is sought for these recommendations if a 
serious effort is to be made to address climate change.  Too often a compromise situation has 
been accepted in the past due to poor education and a lack of confidence in the accuracy in the 
findings.  Following an extremely detailed and comprehensive investigation of a CBD office 
market at a level that was previously considered impossible, the next stage is to enact these 
recommendations.  If ‘impossible’ barriers were overcome with the compilation of this report, the 
next stage is to address the perceived ‘impossible’ barriers with regards to the implication of 
these recommendations and seriously address climate change and office buildings. 
 
6.1 The role for surveyors 
 
The role played by surveyors can not be under estimated and is extremely vital if carbon 
emissions in the built environment are to be reduced and sustainability issues are to be addressed 
in any form.  There is no doubt that the rates of replacement of stock and the slow integration of 
new standards embodied in building codes and regulation mean that voluntary measures 
advocated by the professions is where the biggest gains in reductions will occur.  Surveyors have 
key roles through the life cycle of the built environment from inception to demolition or 
deconstruction.  Surveyors provide strategic ‘big picture’ advice to clients on matters, such as 
estate strategy, property management including the efficient use of office space on a employee 
per square metre basis, refurbishment and maintenance, leasing, costings and valuation all clearly 
exert a high degree of influence on clients.  Sustainability issues have been around since the late 
1980’s and to date only a minority of far sighted ‘early adopters’ within the profession have had 
the courage and foresight to embrace sustainability and to lead from the front.  It is time for the 
surveying profession as a whole to endorse the recommendations in this report and fully embrace 
the sustainability paradigm in all their services offered to all clients.  It is essential for 
sustainability to be fully embedded in education and training for all members – now it must be a 
requirement in all services offered that clients are advised with regard to the sustainability issues 
relating to their land and/or property.  Then, and only then will the surveying profession take on 
the mantle that climate change has thrust upon us and seek to make a ‘real’ difference. 
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Further information and useful websites 
 
www.abgr.com.au for useful information on diagnostic tools and improvement tools for making 
buildings more sustainable in terms of energy consumption for surveyors, designers and built 
environment and property professionals. 
 
www.bco.co.uk (British Council for Offices) for information on best practice in the specification 
for offices with guidance on sustainability issues. 
 
www.bre.co.uk for information on BREEAM. The green Guide to Specification, ENVEST. 
 
www.defra.gov.uk/environment/ccl for information on the climate change levy. 
 
www.defra.gov.uk/environment/climatechange/trading/eu/intro/index.htm for informaiton on 
the emissions trading scheme. 
 
www.odpm.gov.uk/stellent/groups for UK governments’ Code for Sustainable Buildings 
 
www.officescorer information and access to this developers’ environmental and financial tool 
assessment tool. 
 
www.seav.gov.vic.au. For useful information on sustainable energy issues in Victoria. 
 
www.useablebuildings.co.uk for information on the evaluation of building performance, 
occupier satisfaction, health and productivity produced by Leaman and Bordass (PROBE). 
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Appendix A - Glossary of terms 
 
ABGR – Australian Building Greenhouse Rating scheme – a voluntary scheme which rates 
building energy consumption between one and five stars.  
 
AGO – Australian Greenhouse Office. 
 
BMS – Building monitoring systems. A computerised system that monitors the engineering 
services, security and other building systems and other building systems for the purposes of 
recording, reporting and operational control of the systems to maximise safety, security, 
operational performance and for overall cost minimisation and efficiency. 
 
Carbon credit – a term that refers to three types of units of greenhouse gas reductions defined 
under the Kyoto Protocol; 
• Emissions reductions units are generated via joint implementation under rticale 6 of the 
Kyoto Protocol. 
• Certified emission reduction units are generated and certified under the provisions of 
article 12 of the Kyoto Protocol, the Clean Development Mechanism, and 
• Verified emission reductions are verified reductions in greenhouse gas emissions below a 
predetermined baseline. 
 
Cogeneration – the simultaneous production of two forms of useful power, typically electricity 
and heat from a single source in a single process. 
 
CBD Office buildings – Central Business District office buildings ranging in size and age. 
 
Embodied energy - Embodied energy is the quantity of energy is necessary for the fabrication of 
a specific material. When measuring embodied energy, all energy inputs, from raw material 
extraction, to transport, manufacturing, assembly, installation and others are considered. 
Embodied energy as a concept seeks to measure the true energy cost of an item. 
 
Green power – electricity generated form clean renewable sources, such as the sun, wind, water 
and organic matter. The electricity is bought by energy suppliers on behalf of their customers. 
 
Greenhouse gas – gases which contribute to global warming by preventing the outward radiation 
of heat from the Earth which increases the atmosphere’s absorption of sunlight (the greenhouse 
effect). Greenhouse gases are measured in carbon dioxide equivalent units. Some greenhouse 
gases are naturally occurring (water vapour, carbon dioxide, methane, nitrous oxide and ozone). 
Others result form human activities, the most powerful of which are; hydrofourocarbons (HFCs), 
perflourocarbons (PFCs) and sulphur hexafluoride (SF6). 
 
HVAC system – the equipment distribution network and terminals that provide either 
collectively or individually the processes of heating, ventilation and air conditioning to a 
building.  
 
IAQ – includes the introduction and distribution of adequate ventilation air, control of airborne 
contaminants and maintenance of acceptable temperature and relative humidity. 
 
Kyoto protocol – an international agreement reached in 1997 in Kyoto, Japan which extends the 
commitment fo the United Nations Framework Convention on Climate Change. In particular it 
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sets targets for future emissions by each developed country over the first commitment period and 
foreshadows further action over future commitment periods. 
 
Life cycle costing - a technique which enables a comparative cost assessment to be made for 
various investment alternatives, over a specified period of time, taking into account all relevant 
factors both in terms of initial capital costs and estimated future costs. The objective is to identify 
the most economic overall choice. 
 
Micro-generation – Micro-generation is the generation of low-carbon heat and power by 
individuals, small businesses and communities to meet their own needs. Those sources of energy 
and technologies are— 
(a) biomass; 
(b) biofuels; 
(c) fuel cells; 
(d) photovoltaics; 
(e) water (including waves and tides); 
(f) wind; 
(g) solar power; 
(h) geothermal sources; 
(i) combined heat and power systems; 
These technologies may form part of a building or be remote from the building they supply 
energy to. 
 
Renewable - a renewable product can be grown or naturally replenished or cleansed at a rate 
which exceeds human depletion of the resource. 
 
Sustainable development - development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs. 
 
Reuse - the recovery of a material  to be used again for a similar application without processing. 
 
Photovoltaic - generation of electricity from the energy of sunlight using photocells. 
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Appendix B – PCA National Office Quality Grade Matrix 
 
 
Grade 
 
Size Floor 
Plate 
Finish Technical Services 
 
Premium 
 
Sydney / 
Melbourne 
CBDs 
generally 
>30,000 
sq.m. 
Other 
CBDs 
generally 
>20,000 
sq.m.  
 
>1,000 
sq.m. 
largely 
column 
free 
 
• A landmark 
office building 
located in major 
CBD office 
markets which 
is a pace-setter 
in establishing 
rents and 
includes: 
• ample natural 
lighting; 
• good 
views/outlook; 
• prestige lobby 
finish; 
• on-site 
undercover 
parking; 
• quality access 
to/from an 
attractive street 
setting; and, 
• premium 
presentation and  
maintenance. 
 
• State of the art technical services will 
typically include the following: 
• Heating, Ventilation and Air-
condition System  - Multiple zones of 
approximately 70 sq.m. with around 25 
watts per sq.m. for tenant equipment. 
The system should also have a 
supplementary fresh air system, 
auxiliary condenser water loop for 
tenant use and capacity for tenant 
exhaust risers. 
• Lifts – Waiting interval not to exceed 
25 seconds, handling capacity in excess 
of 15% and a high-quality ride with low 
noise. At least one dedicated goods lift. 
• Power – Minimum of 25 watts per 
sq.m. load capacity. Dedicated data 
risers should be available. 
• Lighting – High-quality ultra-low 
brightness fittings. 
• Building Intelligence – High-quality 
building automation system, 24 hr 
access (card key), after-hours air-
conditioning dial-up, energy and stand-
by power management, manned control 
room, perimeter security, closed circuit 
TV. 
• Standby Power – Full power for all 
essential services and ventilation, and at 
least 50% power for lighting and lifts. 
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Grade 
 
 
Size 
 
Floor 
Plate 
 
 
Finish 
 
Technical Services 
 
Grade A 
 
Sydney / 
Melbourne 
CBDs 
generally 
>10,000 
sq.m.  
 
> 600 
sq.m. 
largely 
column 
free 
 
• High-quality 
space including: 
• good 
views/outlook; 
• quality lobby 
finish; 
• on-site 
undercover 
parking;  
• quality access 
to/from an 
attractive street 
setting; and, 
• high-quality 
presentation and 
maintenance. 
 
• High-quality technical services will 
typically include the following: 
• Heating, Ventilation and Air-
condition System  - Multiple zones of 
approximately 100 sq.m. with around 
15 watts per sq.m. for tenant 
equipment. The HVAC should have an 
auxiliary condenser water loop for 
tenant use.  
• Lifts - Waiting interval not to exceed 
30 seconds, handling capacity around 
14% to 15% and a good-quality ride. 
• Power – Minimum of 15 watts per 
sq.m. load capacity. 
• Lighting – Lower quality ultra-low 
brightness fittings. 
• Building Intelligence – Direct digital 
controls, 24 hr access with card key and 
off site alarm monitoring, key switch 
after-hours air-conditioning. 
• Standby Power – Full power for 
essential services and full ventilation. 
 
 
 
Grade B 
 
Any size 
 
Any size 
 
• Good-quality 
space with a 
reasonable 
standard of finish 
and maintenance. 
Tenant car 
parking facilities 
should be 
available. 
 
• A basic standard of technical services 
that will generally include most of the 
following: 
• Heating, Ventilation and Air-
condition System  - Comprises a 
reasonable system with one controllable 
zone per building face.  
• Lifts – Waiting interval not to exceed 
35 seconds, handling capacity around 
13% to 14%. 
• Power – Load capacity 10 watts per 
sq.m. 
• Lighting – Recessed prismatic fittings 
• Building Intelligence – Electronic 
controls, 24 hr access with key card, 
key switch for after-hours air-
conditioning.  
• Standby Power – None. 
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Grade 
 
 
Size 
 
Floor 
Plate 
 
 
Finish 
 
Technical Services 
 
Grade C 
 
Any size 
 
Any size 
 
• Older style office 
space with lower 
quality finish. 
 
• Older style technical services that will 
generally include most of the 
following: 
• Heating, Ventilation and Air-
condition System  - Comprises one 
controllable zone per floor.  
• Lifts – Waiting interval not to exceed 
40 seconds, handling capacity around 
12% to 13%. 
• Power – Load capacity 5 watts per 
sq.m. 
• Lighting – Recessed prismatic fittings. 
• Building Intelligence – Electronic 
building controls. 
• Standby Power – None. 
 
 
 
Grade D 
 
Any size 
 
Any size 
 
Poor quality space 
 
• Minimal technical services that 
generally do not meet the guidelines for 
Grade C buildings. These buildings 
typically do not have central air-
conditioning. 
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Appendix C – Research stakeholders 
 
 
Stakeholder Contact  Research roles Organisational type 
City of Melbourne 
www.melbourne.vic.gov.au 
 
Austin Ley 
Adam Leggett 
George 
Konstantides 
Head of 
Sustainability and 
administrators of 
CLUE database 
Policymaker and 
Regulator 
Property Council of 
Australia (PCA)  
www.pca.com.au 
 
Adam Crowe 
John Nguyen 
Jennifer Cunnich 
Arnaldo Barone 
Research manager 
Research analyst 
CEO of PCA Victoria 
Policy advisor 
Building Owner Industry 
Body 
Investa www.investa.com.au 
 
Andrew Junor 
 
Peter King 
Chris Callanan 
Gordon Sidhu 
General Manager 
Property Services 
Asset Manager 
Facilities Manager 
Facilities Manager 
Property Investment and 
Asset Management 
ISPT(Industry 
Superannuation Property 
Trust) www.ispt.net.au 
 
Tony Crabb Property Manager Superannuation Property 
Trust 
Jones Lang LaSalle (JLL) 
www.jll.com.au 
Nerida Conisbee Research Manager Property Consultants and 
Management 
CB Richard Ellis 
www.cbre.com.au Richard Jenkins 
 
Research Manager 
Property Consultants and 
Management 
Colliers International 
www.colliers.com.au Amita Mehodia 
 
Research Manager 
Property Consultants and 
Management 
Knight Frank 
www.knightfrank.com.au 
 
Glen Lampard 
 
Research Manager 
Property Consultants and 
Management 
REIV www.reiv.com.au 
 
Enzo Raimondo CEO Real Estate Institute  of 
Victoria 
Valuer General of Victoria 
www.land.vic.gov.au 
Jack Dunham Valuer General  Valuation Office 
(statutory body) 
Australian Property Institute 
(API) www.api.com.au 
Barry Brakey Victorian President Professional Industry 
Body. 
RICS Oceania 
www.rics.org  
Nick Hudson  Support, 
dissemination of 
research 
RICS Oceania Office 
RICS Victoria & Tasmania Harry McIver 
(chair) 
Support and 
dissemination of 
research 
Local RICS Committee 
and Practitioners 
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Appendix D – List of stakeholder meetings 
 
Date Attendees Discussion 
   
15/07/2005 Adam Leggett - City of Melbourne Introduce the research and to discuss  
 Dr Richard Reed - UM potential collaboration 
 Sara J Wilkinson - UM  
   
28/07/2005 RICS Victoria and Tasmania Committee Introduce research and express thanks to  
 Harry MiIver, Trevor Murphy, Andy Bendell,  committee for support 
 James Baxter, Janne Morrison,   
   
05/08/2005 Adam Leggett - CoM Formal introduction to City of Melbourne   
 Nick Alsop - CoM sustainability team of research and in depth  
 Yury - CoM discussion regarding use of CLUE and other 
 George Konstantides - CoM data. 
 Sara J Wilkinson - UM Identify all stakeholders 
 Richard Reed UM  
 Austin Ley - Director of Sustainability CoM  
   
05/08/2005 Andy Bendell - Davis Langdon Discussion of research project and potential  
 Mark Beattie - Davis Langdon assistance form David Langdon 
 Sara J Wilkinson - UM  
 Richard Reed UM  
   
11/08/2005 Dr Dominique Hese - SBE / RMIT Discussion regarding data collection and  
 Sara J Wilkinson - UM profiling Methodology 
 Richard Reed UM  
   
 Dr Chris Pettit Discussion regarding GIS analysis 
   
25/08/2005 Prof Lu Aye - UM Faculty of Civil Engineering 
 Sara J Wilkinson – UM Discussion of project and data collection  
 Richard Reed UM issues and modelling aspects 
   
31/08/2005 Adam Leggett – CoM Modelling, custodianship of data, data  
 Yury – CoM collection requirements, stakeholders 
 George – CoM meetings needed 
 Sara J Wilkinson - UM  
 Richard Reed UM  
   
02/09/2005 Nerida Conisbee - JLL Research Director Discussion regarding availability of data held 
 Sara J Wilkinson - UM by property consultants and sensitivity of  
 Richard Reed UM data contacts for the project 
 Adam Leggett - CoM  
 67
Date Attendees Discussion 
   
09/09/2005 CBRE - Richard Jenkins Discussion regarding availability of data held 
 Knight Frank - Glen Lampard by property consultants and sensitivity of  
 Colliers - Amita Mehodia data contacts for the project 
   
14/09/2005 Prof Mike Cooper Teleconference to discuss project and 
  consider steering committee comments 
   
   
16/09/2005 Peter King / Andrew Junor Investa Discussion regarding availability of data held 
 Tony Crabb ISPT by property investor and industry  
  Superannuation fund and sensitivity of data 
   
16/09/2005 City of Melbourne Meeting To discuss data required for project and  
 George Konstantinides Manager CLUE database data held by City of Melbourne in CLUE 
 Austin Ley - head of Sustainability  
 Adam Leggett -   
   
22/09/2005 Meeting with Dr Jon Kellet UNISA Dr Jon Kellet formerly of Resources  
  Research Unit Sheffield Hallam University to  
  discuss metrics for data collection materials 
   
26/09/2005 City of Melbourne Meeting To examine CLUE and look at format in  
 George Konstantinides Manager CLUE database which data is held. 
 Yuri  
   
14/10/2005 Sydney meeting To discuss access to PCA data 
 PCA - Adam Crowe Research Manager  
 PCA Tony Nguyen  
   
 RICS Oceania To discuss project and Oceania launch 
   
26/10/2005 Inter-jurisdictional emissions trading  
Stakeholder consultation on carbon trading 
scheme 
 working group consultation forum.   Currently under consideration for Australia. 
   
05/12/2005 Meeting with RICS Steering committee in London. To discuss finding to date and format of  
 RICS Stephen Brown report 
 RICS Jenny MacDonnell  
 City University - Prof. Mike Cooper  
 Oxford Brookes - Miles Keeping  
 King Sturge - Dr Angus MacIntosh  
 Drivers Jonas - Philip Parnell  
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Appendix E – Data Matrix 
 
Data supplier Type of information 
Cityscope - Building characteristics for all office 
buildings (2005) 
City of Melbourne (CLUE database) - Building occupant information (2005) 
- Building emissions via survey 
Property Information Monitor (PIM 
database) 
- Building occupant information (2005) 
Property Council of Australia (PCA) and 
members 
- Energy costs per building grade for 
Melbourne CBD (2005) 
- Consultation during analysis and expert 
opinion 
- Building emissions via survey 
Investa - Building emissions via survey 
ISPT(Industry Superannuation Property Trust - Building emissions via survey 
Jones Lang LaSalle (JLL) 
Colliers International 
CB Richard Ellis 
Knight Frank 
Real Estate Institute of Victoria (REIV) 
Valuer General of Victoria 
Consultation during analysis and expert 
opinion 
Australian Property Institute (API) and 
members 
RICS Oceania 
RICS Victoria and Tasmania 
- Consultation during analysis and expert 
opinion 
ABARE, Australian Energy report 05.9;  
Australian Building Greenhouse Rating 
(www.abgr.com.au) 
AGO 2004, Stationary Sector GHG Emission 
Projections 
Vicpool Information Bulletin 3, 43. 
Department of Infrastructure. 2005. Energy 
retail tariffs for 2005; 
ESAA, Electricity Gas Australia 2005  
OECD IEA 2005, Electricity Information 
(2003 data); and 
TXU - schedule of distribution use of system 
tariffs. 
- Consultation during analysis and expert 
opinion on energy costs of Melbourne CBD 
office buildings (2005) 
Calculation and validation of energy 
consumption and emission data 
- ABGR diagnostic tool 
- Validation survey 
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Appendix F – Questionnaire 
 
Profiling energy efficiency information – please circle letter or answer 
directly   
 
 
1. What is the street address of your 
building?.................................................................................. 
 
2. In how many years is the next major refurbishment of your building planned? 
 
(a) 0 – 5 years  (b) 6 – 10 years  (c) 11 – 15 years (d) over 15 
years………. 
 
3. Is the building likely to be demolished before 2020?  
 
(a) Yes  (b) No  (c) Don’t know  (d) Other ………………. 
 
4. Is there any thermal insulation in the external wall’s construction? 
 
(a)  Yes  (b)  No  (c)  Don’t know  
 
5. Is there any insulation in the roof?   (a)  Yes (b)  No  (c)  Don’t know 
 
6. What is the primary energy source for heating and cooling in the building? 
 
(a)  Gas  (b)  Electricity  (c)  Oil  (d)  Other…………. 
 
7. What proportion of energy use is attributed to: 
(a) lighting ……….% (b)  heating / cooling …..…..%  (c) small power (IT / PCs etc)  
…………….% 
8. Typically, what are the total hours per day of operation for the following; 
(a) lighting ……… (b) heating / cooling ………. (c) small power (IT / PCs etc)….…… 
9. What are the total carbon dioxide emissions for the building?  ……..……. kgCO²/yr 
10. What are the normalised carbon dioxide emissions for the building? …………. kgCO²/yr 
11. What is the total energy consumption per year for the building?  Either……MJ/m²/yr, or 
……….  kilowatt hours per year (kWh/yr), or other please state unit of measurement……….. 
12. Is there a Building Management System (BMS) or Building Automation System (BAS)  in 
the building? 
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(a)  Yes (b)  No  (c)  Don’t know 
 
13. If the building has renewable energy sources, what percentage of total electricity use is 
derived from renewables?   ……….. % 
 
14. How much gas is consumed per year in the building?   
……..……… MJ per annum / person year FTE or ………………… MJ per year / m² 
15. If measured, what are the total greenhouse gas emissions for the building?   
…………… Tonnes per year / person year FTE or …………………. Tonnes per year / m² 
16. If known, what is the operational CO² emissions (resulting from fuel and energy use) for 
the building?  ………………………………..CO²-e/m²/year. 
17. If the building has air-conditioning, what type of airconditioning system is typically 
provided? 
 
(a)  packaged units     (b) condensing units     (c)  air handling units    
 
(d)  Variable Volume Terminals  (e)  chilled water sets     (f) cooling towers   
 
(g) Other…………………… 
 
18. What are the typical hours of occupancy for the building? eg. 8am to 6pm. 
……………….. 
 
19. When approximately were the lifts installed? 
 
(a)  Before 1989 (b) 1990-1995  (c) 1996-2000  (d) 2001 and after 
 
20. For a typical office, what is the lighting provision? 
 
(a)  Fluorescents (b) Compact fluorescents (c) Task lighting  
 
(d)  Low energy lighting    (e) Other ……… 
 
21. What shading devices, if any, are provided to typical floors? 
 
(a)  Internal blinds (b)  External shades (c)  Brise soleil (d)  Anti glare film (e) 
Other ……… 
22. Do you know about ‘Greenstar’? (a) Yes  (b) No 
23. If you have a rating for your building, what is the current rating? ……………………. 
24. If refurbishing your building, how far, on a scale of 1 to 5 (where 1 is not at all important 
and 5 Is extremely important) would improved energy efficiency rate? 
(a)  1 (b)  2  (c)  3  (d)  4  (e)  5 
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25. Have you taken any steps in the last five (5) years to improve energy efficiency in this 
building? 
(a)   Yes  (what exactly?  …………………)  (b)  No  (c)  Don’t know 
 
26. Please add any other comments about refurbishing office buildings and energy 
efficiency? 
………………………………………………………………………………………………… 
………………………………………………………………………………………………… 
 
 
Thank you for completing this questionnaire. 
 
Please fax back to 03 83440328 
 
(or post to P O Box 4045, University of Melbourne  Victoria  3010) 
 
If you wish you receive a copy of the final report, please provide your email address………………  
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Appendix G - Checklist for surveyors 
 
CIBSE CHECKLIST 
 
This is a simple tool that many types of surveyors can use in identifying key points to address 
during a building life cycle. Simply select the column which covers the services you are 
providing and run through the list of issues to discuss with the client and / or their consultants. 
 
Checklist of key points 
 
Subject area Specific issues Estate 
strategy 
New build Refurbishment 
 
Operation 
 
Energy supply 
options 
X X X 
 
X 
 
Site location X X   
Building form and 
orientation 
 X   
Internal layouts  X   
Planning  
Room layout  X X X 
Energy efficient 
standards 
X X X 
 
 
Environmental 
benefits 
X X X 
 
 
Embodied energy X X X  
Energy 
targets 
Comfort criteria X X X  
Integration  X X  
External walls  X X  
Floors  X   
Roofs and ceilings  X X  
Windows  X X  
Thermal bridging  X X  
Fabric 
Air leakage  X X  
Heating options  X X  
Domestic hot 
water 
 X 
 
X  
Lighting  X X X 
Ventilation  X X  
Services 
 
Controls  X X X 
Testing  X X  
Commissioning  X X X 
Handover 
Familiarisation / 
training 
 X X X 
Operation and 
maintenance 
manuals 
 X X X Post 
completion 
Maintenance 
procedures  
 X X X 
Good 
housekeeping 
X X X X 
Monitoring and 
targeting 
X  X X 
Operational 
accountability X   X 
(Source: CIBSE) 
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Appendix H - Energy efficiency measures currently adopted by building owners  
 
The following list is a quick reference to the measures adopted by building owners who have 
refurbished their buildings over the past 5 years. These measures have enabled these building 
owners to reduce carbon emissions, energy consumption and improve the ABGR ratings of their 
stock. 
 
The measures are not listed in any rank order and will vary in the impact they have on reducing 
consumption and emissions, however they are measures proven in practice and ought to be 
considered by Surveyors when advising clients on measures that improve energy efficiency. 
 
- BMS upgrade 
- BMS monthly fine tuning 
- New energy efficient chillers 
- Constant metering of waste, water and energy  
- Setting of action plans 
- Monitoring and implementation of actions plans 
- Monthly reviews of energy trends 
- Ambient temperature lockouts for boilers and chillers 
- Automatic and base building lighting 
- Install dimmer controls on lighting 
- Electrical sub metering to building 
- Installation of smart metering 
- T5 lighting on refurbished floors 
- Energy audits (quarterly) 
- Green power procurement 
- Gas pulse meters to utilities management system 
- Light sensors in toilets 
- VSDs on all motors 
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